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Rate Constants for the Reactions of Atomic Oxygen (0 3P) With Organic Compounds in the 
Gas Phase 

John t. Herron and Robert E. Huie 

Institute for Materials Research, National Bureau of Standards, Washington, D.C. 20234 

Rate constants for the reactions of atomic oxygen (0 ap) with organic compounds in the gas phase 
are compiled and critically evaluated. Data are given here as originally. reported in the literature for 
a total of 107 organic reactants. FrGm a critical evaluation of the data: recommended values for rate 
constants are given over specified temperature intervals, and where possible at 298 K and 1000 K. 
Estimated error limits are assigned to all recommended values. 

Key words: Atomic oxygen; chemical kinetics; compilation; critical evaluation; /1.Bses; or~anjc com· 
pounds; rate constants. 
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1.. Introduction 

1.1. General 

This compilation presems. in tabular and graphical 
form, experimentally derived rate data on the gas 
phase reactions of atomic oxygen in its ground electronic 
l'itatp (0 3P) with organic compounds. Where the data 
are considered to be of sufficient reliability, recom
mended values of rate constants have been chosen at 
particular temperatures or over specified temperature 
intervals. IncJuded are eSlimaled upper aIlJ luwt:l 

error limits on the recommended rate constants. 

1 .2. literature Coverage 

The period covered is from about 1957 through mid 
1972. Papers published through late 1972 are included 
where possible. The earJjer l1tenHure is covered in the 
reviews by Steacie (153],1 Kaufman [II'll, and Cvetanovic 
(63). 

1.3. Arrangement of Tables 

Three kinds of tables are given. The first is a table of 
the recommended rate constants derived from a con
sideration of the reported experimental data. The upper 
and lower error limits are based upon estimates of the 
reliability of the experimental methods used in ob
taining the data, and upon the number of independent 
experiment:!> performed on the sYGtcrn. Error limits are 

given in terms of multiplying factors rather than the 
more usual plus or minus notation. If, for example~ the 
upper and lower errOr limits on a rate constant k are 
given as 1.5 and 0.6, then the rate constant is estimated 
to be between 1.5 k and 0.6 k, or the rate constant is 
kt::.~):~t). The recommended values are valid only at 
the 8pt:cified temperatures, or over the 5pccificd 

temperature intervals. Extrapolation beyond these 
ranges should be undertaken with cautioll. particularly 
at higher temperatures where other reaction mech
anisms may contribute to the overall rate constant. For 
convenience we have in many eases given the rate 
constant at 298 K and 1000 K based on extrapolations. 
In these cases (all noted in the tables) larger error limits 
normally have been assigned. 

1 Fi~urc~ in bnl('kels indi('ate litenllure l"t"fcrenees. 
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The second set of tables consists of compliations of 
the reported rate measurements on the reactions of 
atomic oxygen with organic compounds. Included in 
these tables are the rp~l1lt~ of ahsolute rate measure
ments taken, with a few exceptions which are noted, 
from tables and !!raphs reported in the literature. In 
addition, absolute rate constants derived from relative 
rate measurements are included in these tables_ In the 
"No." column We give the number of individual rate 
measurements if this information can be ascertained 
from the paper_ In thp "C::ommpnts" column we briefly 
indicate the experimentaJ technique used to obtain the 
data. These are discussed more fully in the next section_ 
Error limits, where given, are those reported in the 
original source. In some cases, as indicated by footnotes, 
the data have been adjusted to account for the reaction 
stoichiometry or chain length. Where there are exten
sive data from different sources, we give the recom
mended values as a final entry. Otherwise the recom
mended values are not given in this section. Arrhenius 
plots are given whenever there are data covering a 
reasonable temperature intervaL Solid Hnes are used to 
indicate the approximate temperature range over which 
the recommended values are valid. Dashed lines are 
extrapolations. In these tables and the tables of recom
mended values, an asterisk (*) on a reference number 
means that data from that source were used in deriv
in{l the recommended value. 

The last set of tables gives relative fate measure
ments and the absolute values derived from them. These 
relative rate constants have been put on an absolute 
bl'l!;l.is hy ('hoo~lng ~prtain reactants as standards. usin,g 
the recommended values of this compilation. These 
standard reactions are indicated in the tables_ 

1.4. Experimental Te«;hni"ue~ 

Here we briefly describe tbe experimental techniques 
indicated in the comments column. Further details may 
be found in the referenced papers. 

Discharge fiow- Oxygen atoms are produced in a gas 
stream either by the dissociation of molecular oxygen 
in an electrical discharge (microwave, radio frequency, 
condensed, etc.). or by the dissociation of molecular 
nitrogen and the subsequent reaction N + NO ~ N2 + O. 
The stable reactant is added downstream and the reac-
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tion monitored using: one of several analytical techniques 
[109, 117]. 

Discharge flow-e.s.r. - A discharge flow system in 
which oxygen atoms are monitored using electron spin 
resonance spectroscopy. Kinetic measurements are 
performed usually with the stable reactant in excess [9]. 

Discharge flow-mass spectrometry - A discharge flow 
system in which reactants are monitored using mass 
spectrometry. Kinetic measurements are performed 
usually with atomic oxygen in excess [76]. 

Discharge flow-air afterglow - A discharge flow system 
in which oxygen atoms are monitored using the emis
sion from the chemiluminescent reaction 0 + NO ~ 
N02 + hv [10]. 

Discharge flow-final products-A discharge flow sys
tem in which the final reaction products are trapped 
in a cold trap and then analyzed. Rate constants are 
determined from the rate of accumulation of one or more 
of these products [131]. 

iJischarge fiow-CH~' chemiluminescence- A discharge 
flow system in which the reaction is monitored using 
the CH (A 2~ - X 2I1) emission. Applicable to the 
actclylcne reaction only [36]. 

H g photosensitized decomposition of N 20 - Oxygen 
atoms are produced by the mercury photosensitized 
decomposition of nitrous oxide in a static system. 
Relative rate constants are determined by the com
petition of stable reactants for the oxygen atoms 
[63]. 

Flow photolysis of N0 2 -A flow system in which the 
oxygen atoms are produced by the photolysis of N0 2 

[17]. 
F lash photolysis-resonance fluorescence - A static 

system in which oxygen atoms are produced by the 
flash photolysis of molecular oxygen or other source 
compounds. The decay of atomic oxygen in an excess 
of another reactant is monitored using the fluorescence 
of atomic oxygen resonance radiation [104]. 

F lash photolysis-kinetic absorption- Oxygen atoms 
produced as in flash photolysis-resonance fluorescence, 
and the atom decay monitored using the absorption of 
the resonance radiation [104]. 

P')'lsed photolysis-air afterslow- The production of 

oxygen atoms by the mercury photosensitized decom
position of nitrous oxide is modulated by modulating 
the mercury resonance radiation and the atom con
centration monitored using the reaction 0 + NO ~ 
NO z + hv. Rate constants are determined from the 
phase shift between the air afterglow signal and the 
photolysis radiation [128]. 

F lash photolysis-air afterglow- Atomic oxygen is 
produced both by the direct flash photolysis of NO and 
the subsequent reaction N + NO ~ N z + O. The atom 
concentration is monitored using the reaction 0 + NO ~ 
N0 2 +hv[124]. 

Flash photolysis-kinetic spectroscopy- Atomic oxygen 
is produced by the flash photolysis of a source com-

pound and the reaction monitored by observing the 
formation of a reaction product, for example CS from 
0+ CS z ~ CS + SO. Relative rate constants are 
measured by adding a second reactant to compete 
for the oxygen atoms [55]. 

Pulse radio/ysis- A reaction cell is filled to a high 
pressure, typically 5 MNm-2 , with a dHute mixture of 
CO 2 and an organic reactant. An electron pulse imping
ing on the reaction cel1 through an aluminum window 
produces oxygen atoms. Rate constants are determined 
by measuring the rate of formation of a transient species 
using abs(,)rption speetroseopy 167]. 

Flame strucwre- Rate constants are determined by 
measuring the rate of disappearance of hydrocarbon 
in a premixed hydr()earb()n-oxy~en-hydrogen flame. The 
r~te pon~.t~nt i~ np.tprminpd hy n~laling; thi!'; ratp to thp 

calculated concentration of atomic oxygen [70]. 
Ignition limits-A mixture of CO. 0:1. and an organic 

reactant is heated and the i~,mition limit determined. 
If the mechanism of the primary oxygen atom-hydro
carbon reaction is known, the rate constant may be 
determined [62]. 

Shuck lube-A mix LUlt:: uf CO, O:!. dlld AI CIIJItdjnjng 

a small amount of hydrocarbon is shock heated and the 
COz concentration profile measured using infrared 
emission. Rate ·constants are calculat ed frolll the effect 
of the hydrocarbon on the CO 2 buildup [lOSI. 

Theoretical- Rate constants for atomic oxygen de
struction reactions determined using the hond cnergy
bond order (BEBO) method [69]. 

1.5. Criteria for Evaluation 

The tables of rate data contain material from many 
sources, both absolute and relative in nal lire. In choos
ing a recommended rate constant, we have in general 
given greater weight to absolute rate measurements. In 
turn, we have given greatest weight to absoillte measure
ments based on a measurement of the rat!': of reactant 
loss rather than on the rate of formatioll of products. It 
is not always clear that a measured or reported rate 
constant refers to an elementary rcuctjon. III some cases, 
it is necessary either to know. or to make' assumptions 
about the nat.ure of subsequent n~ad jOIlF. l)f~fore the 

primary reaction rate constant can I.w determined. Thus 
if a rate constant is based 011 I he rat(-~ of decay of a 
reactant which is consumed ill a seeondary reaction, 
then the measured rate constallt mlJst be corrected by 
means of a stoichiometry facto)" or chain length in order 
to arrive at the correct rate constant for the primary 
reaction. Unrecognized secondary reaetions which con
tribute to the decay of a reactant being measured would 
lead to erroneous results. In this evaluation, a primary 
criterion for the lise of a set of rate data in choosing 
recommended values is the degree to which the exper
imental conditions are clearly defined. All rate data 
based on the collection and analysis of the final products 
of reactions from discharge-flow systems have been re-

J. Phys. Chem. Ref. Data, Vol. 2, No.3, 1973 



470 J. T. HERRON AND R. E. HUIE 

jected. In such experiments the nature of the final 
products usually depends upon a complex multistep 
mechanism. The present knowledge of such. systems 
is, in most cases, inadequate to relate directly the final 
products observed in a discharge-flow system to the 
primary atom-molecule reactions. A more detailed dis
cussion of the choice of recommended values will be 
found in part 3. More general discussions of experi
mental methods which have been used in these studies 
and the mechanisms of the reactions of atomic oxygen 
with organic compounds can be found elsewhere 
[63, II7, and 202]. 

1.6. Units 

SI (Systeme International) units are used throughout. 
Rate constants are reported. in units of cubic centi
meters per mole per second. The temperature de
pendence of the rate constant is given only in the form 
of the Arrhenius equation k=A exp(-E/RT) , in which 
the activation energy E is replaced by the quantity E/R 
in units of absolute temperature. 

Conversion factors used are as follows: 

R = 8.314 J deg- I mol- 1 = 1.987 cal deg- I mol-I. 

1 cal mol- I =4.184 J mol-t. 

1.7. Concluding Remarks 

Measurement techniques in the field of gas kinetics 
have reached the point at which accuracy statements 

approaching ± 10 percent are becoming credible. There 
are, however, several cases in which reported rate 
constants from different laboratories, each with an 
expected experimental uncertainty of about 10 percent, 
differ by as much as an order of magnitude. Unfortu
nately, we have not always been able to determine the 
causes of these discrepancies and unambiguously choose 
the better data. The areas of disagreement are discussed 
more fully elsewhere [202]. In some cases, therefore, 
our choice of a recommended rate constant was based 
on the total volume of data or the general consistency 
of an experimental technique when applied to a whole 
class of reactions. Newer and better measurements 
may prove us wrong. We recognize that our own in
volvement in the measurement of many rate constants 
reported here could lead to bias in the choice of recom
mended values. We know of no solution to this problem 
other than the criticism of the producers of the data and 
the users of these tables. 

We thank Kay V. Fadely, Larry Ketron, and Margaret 
J. Moore for their assistance in the preparation of this 
compilation. The advice and encouragement of David 
Garvin, Lewis H. Gevantman and Henry M. Rosenstock 
are gratefully acknowledged. We also thank R. J. 
Cvetanovic for permission to use data prior to 
publication. 

2. Recommended Values 

In this section we give recommended rate constants 
for the reactions of atomic oxygen with organic com
pounds. These values are based upon an evaluation 
of the data given in detail in part5 3 and 4 of thi:3 work. 

The basis for the selection of data used in arriving at 
a recommended value is found in part 3. Arrhenius 
plots, where given, are also given in part 3. 

TABLE 1. Recommended rate constants for the reactions of atomic oxygen with alkanes 

Error limits 
Reactant T,K Rate constant, cm:l mol-I S-1 Bibliography 

Upper Lower 

Methane 350-1000 2.1 X 10 13 exp (-4550/T) 1.3 0.7 1,3,4*,5*,6, 
1000 2.2 X 1011 1.3 0.7 9,29*,69, 
298 -1 X 107 a 2 0.3 70, 75*,84, 

93,99*,105 

Ethane 298-650 2.5 X 10 13 exp (-3200/T) 1.3 0.7 6,9*,13,60*, 
1000 1.0 X 1012 a 1.5 0.6 61,69,75*, 
298 5.5 X 108 1.3 0.7 99*, 133 

Propane 298 9 X 109 2 0.7 13*,62,119, 
129* 

n-Butane 298-650 3.0 X 10 13 exp (-2920/T) 1.3 0.7 7,8,10*,58, 
+ 4.6 X 1013 exp 60*, 62, 98, 
(-241O/T)b 119, 129, 

1000 5.8 X 1012 a 1.5 0.6 133 
298 1.6 X 10 10 1.3 0.7 

J. Phys. Chem.·Ref. Data, Vol. 2, No.3, 1973 
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TABLE 1. Recommended rate constants for the reactions of atomic oxygen with alkanes - Continued 

! 
Error limits 

Reactant T,K Rate constant. cm 3 mol- I S-I Bibliography 
Upper Lower 

n-Pentane 298-650 2.9 X H)I:! exp (- 2920/T) + 8.0 1.3 0_7 60* 
X 1013 exp (- 2320/T) b 

1000 9_6 X 10 12 " 1.5 0.6 
298 3.5 X lOl() 1.3 0.7 

.2,2-Dimethylpropane 298-650 5_9 X 101:! ex!' (-2920/T) 1.4 0.7 7,60* 
1000 3.2 X IOI~ ,. 1.5 0_6 
298 3.3 X JO!I 1.4 0.7 

2-Methylbutane 307 8.0 X ]01(1 1.4 0.7 60* 

n-Hexane 298-650 2.9 X 101:! exp (-2<J20/T) + 1.1 1.3 0.7 60* 
X 10].1 exp (-2250/1')1, 

1000 1.3 X lOla ,. 1.5 0.6 
298 5.6 X 101lt 1.3 0.7 

2.3-Dimethvlbutane 298-650 5.9 X 101:! eXIJ (-2<)20/'1') + :3.1 1.3 0.7 60* 
XI0 J3 exp (- 1650/'l')" 

1000 9.1 X 101~ " 1.6 0.5 
298 1.2 X lOll 1.3 0.7 

n-Heptane 298-650 2.9 X 10 1:1 exp (-2920/1') + 1.2 L~ 0.7 58.60* 
X 10 14 eXJl (-2190flY' 

1000 1.5 X 10 1:1 " I.S 0.6 
298 7.7 X 10 1(1 1..1 0.7 

2.2-Dimethyloentane 307 6.5 X 10 111 1.4- 0.7 60* 

2,4-Dimethylpentane 307 1.0 X lOll 1.1 Wi 60* 

n-Octane 298-650 2.9 X lOl:! ex!' (-- 'l.'J'20/'n -1 ().:\ 1.:-\ n.7 2.60" 
X 101:! exp (-2030/7')1, 

1000 1.3 X 10 1:! " \.;) 0.6 
298 1.0 X lOll i.:; n.! 

I 
2,2,4-Trimethylpentane 307 5.5 X 10 10 1.5 0.6 I 58.60* 

I 

2,3,4-Trimethylpentane 307 3 X 101(1 1.5 0.6 160* 
I 

2,2,3,3-T etramethylbutane 307 8 X JO!I 1.5 0.6 I 60* 
I 

a Note that this value is based on an extrapolation. 

b The rate constant is given as the sum of the rate constallt~ for ahs! rac!ioll of primary and secondary hydrogen 
atoms. See section 3.l. 

cThe rate constant is given as the sum of the rate constants for illl~tra('lioll I)f primary and tertiary hydrogen atoms. 
See section 3.1. 

TABLE 2_ Recommended rate constants for the rpa(~tiolll' of alolllit: oxygen with cycloalkanes 

Error limits 
Reactant T,K Rate constant. em:! mol I ~. I Bibliography 

Upper Lower 

Cyclopropane 298 5 X 10H 
I 2.0 0.5 12*, 13*,88 
I 

Cyclobutane 298 7 X JO!I 2_0 0.5 12* 
I 

Cyclopentane 298-650 1.3 X 1{)).1 exp (-2210/1') 1.3 0.7 12, 102* 

1000 ].4 X 10 1:1" 1.5 0.6 

298 7.5 X JOI" 1.3 0_7 

Spiropentane 298-650 4.0 X JOI:l exp (-28901T) 1.3 0.7 102* 

1000 2.2 X 10 11 a 1.5 0.6 

298 2.5 X ]O!· 1.4 0.7 

Cyclohexane 298-650 X 10 14 exp (-2350/T) I 1.3 0.7 12,47,102* 

1000 2.1 X 10 13 " 
I 

1.5 0.6 
298 8.3 X 101/1 1.3 0.7 

471 
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TABLE 2. Recommended rate constants for the reactions of atomic oxygen with cycloalkanes- Continued 

Error limits 
Reactant T,K Rate constant, cm 3 mol-I S-I Bibliography 

Upper Lower 

Cycloheptane 298-650 2.9 X 10 14 exp (-2230jT) 1.3 0.7 102* 

i 1000 3.1 X 1020 u 1.5 0.6 

I 
298 1.6 X 1011 1.5 0.7 

a Note that this value is based on an extrapolation. 

TABLE 3. Recommended rate constants for the reactions of atomic oxygen with haloalkanes 

Upper Lower 

Chloromethane 350-1000 1.7 X 1013 exp (-3690/T) 1.3 0.7 i 53*,76* 
1000 4.3 X lOll 1.3 0.7 

i 298 7.2 X 107a 1.5 0.6 

Bromomethane 350-1000 3.0 X 1013 exp (-3800{T) 2.0 0.5 53*, 76* 
1000 7 X 1011 2.0 0.5 

Tetrachloromethane 270-380 2.0 X 10 10 exp (-2260/T) 1.5 0.6 42*,84 
298 1.2 X 10' 1.5 0.6 

Chloroethane 340-650 4.8 X 10 13 exp (-3330IT) 1.3 0.7 76* 
1000 1.7 X 10 12 a 1.5 0.6 
298 6.7 X 108 a 1.5 0.6 

Bromoethane 340-650 3.1 X 1013 exp (-3260jT) 1.3 0.7 76* 
1000 1.2 X 1012 a 1.5 0.6 
298 5.6 X lOS a 1.5 0.6 

2·ChloTOpropane 340-650 2.6 X 1013 exp (-2620/T) 1.3 0.7 76* 
1000 1.9 X 1012 a 1.5 0.6 
298 4.0 X 109 a 1.5 0.6 

2·BrornoPTOoane 340-650 2.3 X 1013 exp (- 2700/1') 1.3 0.7 76* 
1000 1.6 X 1012 a 1.5 0.6 
298 2.8 X 109 a 1.5 0.6 

2-Chlorobutane 340-650 13.6 X 10 13 exp (-2530jT) 1.3 0.7 76* 
1000 I 2.8 X 1012 II 1.5 0.6 
298 7.2 X 10!l<' 1.5 0.6 

176' }-Chloro-2-methylpropane 340-650 3.6 X 101:1 exp (-2520jT) 1.3 0.7 
298 7.7 X 10!la 1.5 0.6 

2-Chloro-2-methylpropane 340-650 2.6 X lOla exp (-3DlO/T) 1.3 0.7 76* 
1000 1.3 X 1012 a 1.5 0.6 
298 1.1 X 109 a 1.5 0.6 

I-Bromobutane 340-650 4.4 X 1013 exp (-2680IT) 1.3 0.7 76* 
1000 3.0 X 1012 a 1.5 0.6 
298 5.5 X 109 a 1.5 0.6 

I-Bromo-2-methylpropane 340-600 3.4 X 10 13 exp (-2510jT) 1.3 0.7 76" 
298 7.4 X lOHa 1.5 0.6 

l-Chloro·2,2-dimethylpropane 340-650 3.2 X 1013 exp (-2670/1) 1.3 0.7 76* 
1000 2.2 X 1012 " 1.5 0.6 
298 4.0 X ]09 a 1.5 0.6 

l-Chloroheptane 298 8 X lO lIl 1.5 

a Note that this value is based on an extrapolation. 
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RATI! CONSTANTS FOR REACTIONS OF ATOMIC OXYGEN 

TABLE ,4. Recommended rate constants for the reactions of atomic ~xygen with alkenes, alkadienes, and cycioalkenes 

Reactant 

Ethylene 

Propene 

I-Butene 

cis-2-Bmene 

trans-2-Butene 

2.Methylpropene 

1,3-Butadiene 

1-Pentene 

cis-2-Pentene 

2-Methyl-2-butene 

1-Hexene 

2,3-Dimethyl-2-butene 

Cyclopentene 

Cyclohexene 

I T,K 

200-500 
298 

200-500 
298 

180-500 

298 

250-500 
298 

298 

298 

298-400 
298 

298 

298 

298-400 
298 

298 

298-400 
298 

298-400 

298 

298-400 
298 

Rate constant, cm:! mol-I S-1 

3.3 X 1012 exp (-565fT) 
4.9 X 1011 

2.S X 10J~ exp (-38/1') 
2.2 X 1012 

2.3 X 1012 exp (-2S/n + 9.6 
X 10 12 exp (-990fT) a 

2.3 X 1012 

5.9 X 10'· eXjJ (+ 163fT) 
1.0 X 1013 

1.4 X 1013 

1.2 X 1013 

3.4 X 1012 exp (+380/T) 

1.2 X 10 13 

1.1 X 10 13 

3.9 X 10 12 exp (+680/T) 
3.8 X 10 13 

, 3.1 X 1012 

I
, 3.4 X 10 12 exp (+790/T) 

4.8 X 1013 

3.3 X 10 12 exp (+430/T) 
1.4 X 101:1 

2.8 X 10 12 exp (+460IT) 
1.3 X 10 1:1 

Error limits I 

'------.-----11

1 

Bibliography 
Upper Lower 

1.2 
1.2 

1.2 
1.2 

1.2 

1.2 

1.2 

1.3 

1.3 

1.3 
1.3 

1.3 

1.3 

1.3 
1.3 

1.3 

1.2 

1.2 

1.3 

1.3 

1.3 
1.3 

0.8 
0.8 

0.8 
0.8 

0.8 

0.8 

0.0 

0.7 

0.7 

0.7 
0.7 

0.7 

0.7 

0.7 
0.7 

0.7 

0.8 
0.8 

0.7 

0.7 

0.7 
0.7 

10, 19, 2S, 29, 
57,68,7], 
72,87, 104,* 
126, 128, 
ISO, 199 

13, 14,44.57, 
79, 126, 128, 
149*,150, 
166,199 

II, 13, 14, 16, 
19,26, 128, 
ISO. 166*. 
199' , 

2, 14, 19, 
127, 128, 
130'" 

2, }4., * 92, 
127" 

11*,14*,19, 
26*, 55*, 57, 
128, 150, 
109 

121 * 

17* 

14*, 17* 

II>', 199 

127* 

11, 14, 130* 
199 

11* 

11* 

a The rate constant is given as the sum of two rate ~onstants. See section 3.4. 

TABLE 5. Recommended rate constants for the reactions of atomic oxygen with haloalkenes and haloalkadienn. 

Reactant T,K Rate constant, em 3 mol-I 5- 1 

Fluoroethylene 307 2.6 X lOll 

Error limits i 
HiblinprHphy 

Upper LOWI~r 

0.1 -17T 1.3 

Chloroethylene 307 5.2 X lOll n.7 
1

77
' 

Bromoethylene 307 4.9 X lOll 177'1' 

I 

l.~ 0.7 

1,1-Difluoroethylene 307 2.2 X 1011 0.7 7.7* 

1,2-Difluoroethylene 307 2.7 X lOll 1.3 0.7 77"' 

Tetrafluoroe.hylene 298-500 17.7 X IOlJ exp (-lOO/T) 
298 I 5 X lOll 

1.4 0.7 13*, 16*,32 

1.4 0.7 

473 
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"1".\111.1-'-, li'·'"lll!J1'·'ld,·d 1;l1!" '·IIIISI<lllls r')l" Ihl' reactions of atomic oxygen with haloalkenes and haloalkadienes-Con. 
--:;"-.. -----'T===================;=============== 

Reactant 

2·.Fluoropropene 

3·Fluoropropene 

1,1·Difluoropropene 

3,3,3·Trifiuoropropene 

Hexafluoropropene· 

4·Fluoro·1·butene 

1,1,2·Trif!uoro·l·butene 

2·Trifiuoromethylpropene 

1,3·Hexafluorobutadiene 

T,K 

296 

296 

296 

296 

298-S00 
298 

296 

296 

296 

305 

Rate constant, cm 3 mol- 1 S-l 

1.2 X 1012 

S.l X 1011 

1.1 X 1012 

2.6 X 1010 

3.6 X lOll exp (-900fT) 
1.7 X 1010 

1.5 X 10 12 

2.0 X 1012 

2.0 X 1011 

2.S X lOll 

Error limits 

Upper 

1.4 

1.4 

1.4 

1.4 

1.4 
1.4 

1.4 

1.4 

1.4 

1.4 

Lower 

0.7 

0.7 

0.7 

0.7 

0.7 
0.7 

0.7 

0.7 

07 

0.7 

Bibliography 

79*,83* 

79*,83* 

79*,83* 

44*, 79*, 83* 

13*,lS* 

79*,83 

79*,83 

44*,7Q*,R3* 

129* 

TABLE 6. Rt:o.;UlIllllt:J1Ut:U lale cunstants for the reactions of atomic oxygen with alkynes and alkadiynes 

Error limits 
Reactant T,K Rate constant, cm:! mol- I S-I Bibliography 

Upper Lower 

Acetylene 200-700 1.4 X 1013 exp (- lS00/T) 1.2 0.8 13,29*,30* , 
1000 3.3 X 1012 a 1.4 0.7 31,33*,35* , 
298 9.S X 1010 1.1 0.9 36,37*, Sl *, 

~ 
56,80*,86*, 
89, 91, 126* 

Propyne 298 4X lOll 2.0 0.5 29* 

Butadiyne 300 9 X 1011 1.4 0.7 34*,35* 

a Note that this value is based on an extrapolation. 

TABLE 7. Recommended rate constants for the reactions of atomic oxygen with benzene, substituted benzenes and 
pyridine 

Error limits 
Reactallt T,K Rate constant, em 3 mol- 1 8- 1 Hib!iography 

Upper Lower 

Benzene 2S0-500 2.0 X 1013 exp (-2000fT) 2.0 0.3 45,47,67*, 
298 2.4 X 1010 2.0 0.3 187* 

Fluorobenzene 298 2.7 X 1010 2.0 0.5 67*,90 

Chlorobenzene 298 3.1 X 1011 2.0 o.s 67* 

Toluene 298 1.4 X lOll 2.0 D.S 52*,67*,90 

Ethylbenzene 298 3.2 X 1011 2.0 (l.S 67*.90 

l,2·Dimethylbenzene 298 6.7 X lOll 2.0 0.5 67*,90 

1,3·Dimethylbenzene 298 7.7 X 1011 L.O 0.5 67*,90 

1,4·Dimethylbenzene 298 4.5 X 1011 
i 

2() 0.5 67*,90 
i 

Pyridine 298 1.0 X lOll 2.0 0.5 67* 
----_ ... -
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TABLE 8. Recommended rate constants for the reactions of atomic oxygen with alcohols, aldehydes, and miscellaneous 
oxygen-containing compounds 

Error limits 
Reactant T,K Rate constant, cm 3 mol-I S-I Bibliography 

Upper Lower 

Ethanol 298 8.7 X 1010 1.5 0.6 40,59*,65 

Isopropanol 298 1.3 X 1011 1.5 0.6 39* 

Ketene 298 5.3 X 1011 1.3 0.7 82* 

Ethylene oxide 298 7 X 108 1.5 0.6 58* 

Formaldehyde 300 9.0 X 1010 1.3 0.7 78*,105 

Monodeuteroformaldehyde 300 4.9 X 10 10 1.3 0.7 35*.51* 

Di L:hlUJufuJlui:l]ueh yJe 292 6 x 10Q 2.0 0.5 12*,77 

Acetaldehyde 298-500 1.4 X 1013 exp (-1140/T) 2.0 0.5 41, 46*,50* 
I 298 3.1 X 1011 2.0 0.5 66 

Dimethyl ether 200-500 5.9 X 1012 exp (-1520/T) 1.3 0.7 48,49, 58, 92, 
298 3.4 X 1010 1.3 0.7 141* 

3. Absolute Rate Constants 

3.1. Alkanes 

The only directly measured rate constants for these 
reactions have been obtained using discharge flow 
systems employing electron spin resonance, mass 
spectrometry or NO chemiluminescence detection 
techniques. In addition there are data derived from 
relative rate measurements obtained using both flow 
and static techniques. Where the data overlap, the rate 
constants are, in general, in agreement within the ex
perimental error limits of the techniques. In some of the 
flow system measurements, higher rate constants were 
measured at the lower temperatures than would be pre
dicted by an extrapolation from the higher temperature 
points. This effect was possibly due to reactions at the 
surtaee of the flow tube. For this reason, the low tem

perature data have been treated with caution. 
The reactions of atomic oxygen with alkanes are 

interpreted in terms of a hydrogen atom abstraction 
mechanism, i.e., 

0+ RH -'» R + OH. 

In general, the rate constant for an abstraction reaction 
depends on the strength of the C-H bond broken. Thus 
the rate constants for abstraction of primary, secondary, 
and tertiary H-atoms are expected to be in the order 
tertiary> secondary> primary. For an alkane having 
more than one kind of C-H bond the Arrhenius plot 
(i.e. a plot of the logarithm of the total rate constant vs 
liT) will therefore normally be curved, the degree of 
curvature depending both on the kinds and number of 
C- H bonds. There are no product analysis data available 
with which to determine directly the relative contribu-

tions due to abstraction at different C - H bond sites. A 
non-linear Arrhenius plot, however, can be represented 
as a sum of linear Arrhenius plots corresponding to 
abstraction of primary, secondary, or tertiary hydrogen 

. atoms. Thus, 2,2-dimethylpropane, which has 12 primary 
hydrogens only, was chosen as the prototype primary 
hydrogen abstraction reaction. The rate constant for 
this reaction, corrected for the relative number of 
primary hydrogen atoms, was subtracted from the over
all rate constants for the other alkanes and thereby the 
rate constants corresponding to abstraction from the 
other C-H sites were obtained. The magnitude of the 
contributions from different bond types is indicated in 
the Arrhenius plots. For the n-alkanes, the upper curve 
represents the total rate constant and the lower the total 
rate constant for reaction at secondary C - H bond sites. 
For 2,3-dimethylbutane the upper curve again repre
sents the total rate constant while the lower represents 
the total rate constant for reaction allerilary C-H bond 
sites. 

It should be emphasized that non-}jnear Arrhenius 
plots can arise for re:lsons othpr than rpaction at differ
ent C- H bond sites, and that there is no theoretical 
reason to expect that Arrhenius plots should be linear. 

The data on methane and ethane have been evaluated 
recently [99], and that evaluation is accepted here. 
For the larger alkanes, the most extensive set of data 
is that of Herron and Huie [60] which is the basis for 
the recommended rate constants for most of these com
pounds. In those cases where more than one kind of 
C- H bond is involved, the rate constant is expressed 
as a sum of the rate constants for reaction at the different 
C- H bond sites. 
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TABLE 9. Rate constants for the reaction of atomic oxygen with 
methane 

Rate constant, 
No. Temp. K Ref. Comments cm3 mol-I S-I 

2.0 X 1013 297-904 75 II. b.* Discharge flow-
exp (-4630/T) e.s.r 

1.33 ± 0.02 X 101 4 297 
9.7 ±O.3 4 363 
3.6 ±O.l X 108 4 419 
2.6 ±0.1 X 109 4 516 
1.lS±0.03 X 1010 3 605 
1.37 ±O.05 X 1011 4 904 

1 X 1014 388-555 4a.c. d. Discharge flow-
exp (- 5000/T) * mass spec· 

2.0 X 108 9 388 trometry 
8.9 6 477 
2.3 X 109 6 494 
1.1 X 1010 7 555 

(7.1 ±3.5) X 1012 295-533 5 a.d.e. . Discharge flow-
exp (-3670 * air afterflow 
±750/T) 

2.2 X 107 295 
6.8 368 
1.1 X 109 485 
4.2 533 

(7;.!:.:2) x 10'" 459-592 29"·0," Discharge flow-
exp (-3870 e.s.r 
± 150fT) 

1.2 X 109 3 459 
2.2 3 498 
4.5 3 546 
8.4 3 592 

4.±1.2x 10" 300 S1 Discharge Row 

e.s.r 

2.0 X 1013 375-583 6 Discharge flow-
exp (- 39201T) final 

5.8 X 108 375 products 
3.6 X 109 438 
9.9 525 
2.8 X 1010 583 

(5.6 ± 2.4) X 1013 843-933 1 Ignition limits 
exp (-4380 
±400/T) 

1.6 X 1014 750-2575 105 Shock tube 
exp (-4000/T) 

2.0 X 107 300 69 Theoretical 
1.0 X 1012 1000 

2.1 X 1013 .)50-1000 table 1 Recommended 
exp (-4550/1') value 

2.2 X 1011 1000 
1 X 107 298 

a Individual rate constants are the reported oversll rste constsnts 

divided by 3.8. 
b Supercedes data given in reference [9]. 
c Data reported in graphical form only. 
d Supercedes data given in reference [3]. 
.. Data obtained in presence of molecular oxygen are not given. 
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• Westenberg and deHaas [75] 
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... Froben [84J 
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2.0 

103/ T , K- 1 

3.0 

for the reaction of atomic oxygen with 
methane. 

T AIlLE 10. Rate constants for the reaction of atomic oxygen with 

ethane 

Rate constant, em3 No. Temp. K Ref. Comments 
mo}-l S-I 

1.8 X 1013 320-589 9 a .* Discharge flow-
exp (-3070jT) e.s.r 

1.2 X 109 2 320 
1.5 4 328 
5.1 ±0.5 5 378 
1.1 X 1010 3 424 
4.0 502 
1.2 X 1011 3 573 
1.4±0.1 5 589 

3.5 X 108 272 75,,·b.* Discharge flow-
1.7 ;:SUU 1::.:>.1 

2.0 X 109 338 
1.0 X 1011 615 

5.4X 10" 313 503 6 Di:..charge flow-
exp (- 2620jT) final products 

1.3 X 109 313 
2.0 X 1010 468 
,q 503 

1.9 X 109 2 336 60c.* Discharge flow-
lAX 1010 1 429 mass spec· 
5.1 1 508 trometry 
2.0 X 1011 1 595 
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TABLE 10. Rate constants for the reaction of atomic oxygen with 
ethane- Continued 

Rate constant, No. Temp. K Ref. Comments 
cm3 mo}-I S-I 

(8.4±3.6) X 1013 853-933 61 Ignition limits 
exp (-3770± 
300fT) 

6.3 X.l08 300 69 Theoretical 
5.0 X 1012 1000 

2.1 X 109 2 297 13d Hg photosens. 
5.3 4 343 decomp. of 
1.1 X 1010 4 398 N2 0 

2.8~::: X 1013 303-364 133b 

exp (-3270± 
130fT) 

5.6 X 108 303 Discharge flow-
9.5 315 air afterglow 
1.5 X 109 330 
2.1 341 
3.2 355 
3.4 364 

2.5 X 1013 298-650 table I Recom· 
exp (- 3200fT) mended value 

1.0 X 1012 1000 
5.5 X 108 298 

a Individual rate constants are the reported overall rate constants 
divided by 6.5. 

7 
~. 

"I 
(5 
E 

""E 

b Data reported in graphical form only. 
e Reactant C2 HsD. 
d Relative rate measurements, see table 59. 
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• Westenberg and deHaas [9J 
o Westenberg and de Haas [75] 
+ Sounders and Heicklen [13] 

- Azatyan et 01 [61] 
t:. Herron and Huie (C 2 H 50) [60J 

• Papadropoulos et 01 [133J 

u. lOll 

1010 • + 

+ 

10 9 

+ 
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103fT, K- I 

3.0 4.0 

FIGURE 2. Arrhenius plot for the reaction of atomic oxygen with 
ethane. 

TABLE 11. Rate constants for the reaction of atomic oxygen with 
n-butane 

Rate constant, No. Temp. K Ref. Comments 
cm3 mol-I S-I 

(3.0± 1.0)X 1013 231-433 10* Discharge flow-
exp (- 2110fT) air afterglow 

3.4 X 109 I 231 
6.3 I 246 
9.5 I 259 
1.4 X 1010 I 280 
3.0 I 309 
4.8 I 330 
8.3 I 353 
1.06 X 1011 2 373 
1.67 I 433 

?'_9~::~ X 1013 ~07-ti07 tiO* Disr.hargp. flow-
exp (-2920 mass spec-
±140fT) + trometry 
6.3~UX 1013 

exp (-2570 
±80fT) 

4.14 X 109 255 
6.35 276 
1.18 X 1010 276 
1.25 276 
2.21 307 
1.44 307 
1.59 307 
4.44 357 
6.31 357 
4.83 357 
1.01 X 1011 386 
2.42 441 
4.82 513 
6.36 532 
1.24 X 1012 595 
1.12 603 
1.00 607 

6.6 X 1013 850-930 62 Ignition limits 
exp (-2320 
±500fT) 

7.8 X 1013 870-920 119 Ignition limits 
exp(-2100 
±250fT) 

6.6x 109 293 7 Discharge flow-
final products 

7.8x 1012 313-468 8 Discharge flow-
exp (- 20601T) final products 

1.1 X 1010 313 
3.3 37R 
6.0 423 
1.0 X 1011 468 

1.3 X 1010 5 307 58 a Hg photosens. 
2.6 4 343 decomp. of 
5.0 5 398 N20 

2.2 X 1010 297 98 b Hg photosens. 
decomp. of 
N20 

2.4 X 1010 305 129 a Hg photosens. 
decomp. '.If 
N20 
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TABLE 11. Rate constants for the reaction of atomic oxygen with 
n-butane- Continued 

T ABLE 12. Rate constants for the reaction of atomic oxygen with 
n-pentane 

Rate constant, No. Temp. K Ref. Comments 
cm3 mol-I S-I 

Rate constant, 
cm3 moi-1 S-1 

1.7:t:~X 1013 301-368 133 c Discharge flow-
exp (-2280 air afterglow 
± 120fT) 

8.2 X 109 301 
1.3 X lOH) 323 
1.9 330 
2.2 342 

2.9:::3 X 1013 

exp (-2920 
±1401T) + 
8.0:::~ X 1013 

exp (-2320 
±80/T) 

1.53 X 1010 

2.3 353 
3.2 368 

1.22 
1.32 

3.0X 1013 298-650 table 1 Recommended 
exp (- 2920fT) value 

+4.6 X 1013 

exp (-2410IT) 
5.8X 1012 1000 
1.6 X 1010 298 

2.38 
2.43 
2.06 
2.86 
4.72 
4.02 
4.57 
6.90 

a Relative rate measurements, see table 59. 
b Relative rate measurements, see table 58. 
C Data reported in graphical form only. 
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FIGURE 3. Arrhenius plot for the reaction of atomic oxygen with n-bntalw. 
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o 

o 

4.0 

Temp.K Ref. Comments 

307-597 60* Discharge flow-
mass spec-
trometry 

255 
255 
258 
276 
276 
276 
276 
307 
307 
307 
321 
336 
338 
357 
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TABLE 12. Rate constants for the reaction of atomic oxygen with 
n-pentane- Continued 

Hate constant, No. Temp. K Ref. Comments 
cm 3 mol-I S-I 

2.11 386 
4 . .30 437 
:-U8 437 
4.32 441 
7.23 508 
J.l6 X 1012 508 
2.17 

I 

593 
1.97 597 

0+ n - Pentane 

• Herron and Huie [60] 

1013 

-;-
VI 

~ 
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E 
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FIGURE 4. Arrhenius plot for the reaction of atomic oxygen with 
n·pentane. 

TABLE 13. Rate constants for the reaction of atomic oxygen with 
2,2-dimethylpropane 

Rate constant, No. Temp. K Ref. Comments 
cm3 mol-I S-I 

Sq:~:~x 1013 f'Xp R07-597 160* Discharge flow-
(- 2920 ± 140fT) mass spec· 

trometry 
2.50 X 109 276 
2.55 276 
2.18 276 
3.78 307 
2.94 307 
3.42 307 
3.22 307 
1.48 X 1010 338 
1.09 357 
8.05 X 109 357 
1.14 X 1010 357 
1 ?~ 357 

TABLE 13. Rate constants for the reaction of atomic oxygen with 
2,2-dimethylpropane- Continued 

Rate constant, 
cm 3 mol-I S-I 

5.30 
8.29 
7.73 
9.03 
1.55 X 1011 

1.95 
5.97 
5.26 

1.8 X 109 
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No. Temp. K Ref. Comments 

386 
437 
437 
441 
508 
508 
593 
597 

293 7 Discharge flow-

final products 
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• 
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o Wright [7J 
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FIGURE 5. Arrhenius plot for the rem~tion of atomic oxygen with 
2,2·dimethyiproparw. 

TABLE 14. Rate constants for Ih(" n';t('li"ll of alomic oxygen with 
!/·lwxaJlt· 

Rate constant, N ... Tt~[lJp. K HeL Comments 
cm3 mol-I S-I 

2.9~::~ X 10 1
:! exp 307-597 60* Discharge flow-

(-2920± 140fT) + mass spec-
1O.7~~:~ X 101:! (~XP tromelry 

(- 2250 ± 70fT) 
1.95 X }010 247 
2.36 255 
2.37 255 
2.47 258 
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TABLE 14. Rate constants for the reaction of atomic oxygen with 
n·hexane- Continued 

Rate constant, No. Temp. K Ref. Comments 
cm3 mol-1 S-1 

3.86 276 

3.53 276 
3.16 276 
3.17 276 
1.15 276 

6.87 307 
6.19 307 
6.55 307 
7_.1;0 307 
9.17 321 
1.46 X 1011 335 
1.75 336 
1.40 338 
2.80 357 
3;18 386 
6.57 ( 437 
6.45 437 
6.07 441 
1.07 x 10 12 508 
1.18 508 
3.17 593 
2.99 597 

0+ n -Hexane 

• Hf>rron nnn Hllif> [f;O] 

.. 
(f) • 

'OIO~--~--~~--~--~----~--~----~--~~ 
o 

103/ T I K- ' 
FIGURE 6. Arrhenius plot for the reaction of atomic oxygen with 

n·hexane. 

TABLE 15. Rate. constants for the reaction of atomic oxygen with 
2,3·dimethylbutane 

Rate constant, 
No. Temp.K Ref. Comments cm3 mo)-l 5-1 

5.9~r:~ X 1013 307-597 60* Discharge flow-
exp (-2920± 140lT mass spec· 

trometry 
+ 3.l:~t~ X 1013 

exp (-16S0±8O/T)1 

J. Phys. Chem. Ref. Data, Vol. 2, No.3, 1973 

TABLE IS. Rate constants for the reaction of atomic oxygen with 
2 ,3-dimethylbutane - Continued 

Rate constant, No. Temp. K Ref. Comments 
cm3 mol-I 8- 1 

6 .80 X 1010 247 

7.14 249 

5.48 249 
9.00 254 

8.40 255 
7.23 255 
1.12 X lOll 276 
9.49 X 1010 276 
1.02 X lOll 276 
8.47 X 1010 276 
1.00 X lOll 276 
1.81 307 
1.50 307 
1.61 

\ 
307 

1.20 307 
1.60 32] 
2.47 335 
3.21 336 
2.51 338 
2.80 357 
4.70 386 
3.58 386 
7.19 437 
8.84 437 
7.35 441 

1.09 X 1012 508 
1.65 508 
2.95 593 
2.30 597 

0+ 2,3-Dimethylbutane 

• Herron and Huie [6 OJ 

• 

10" • •• 

10IO~---L--~~--~--~----~--~----~--~~ 
o 1.0 2.0 3.0 4.0 

103/T, K- t 

FIGURE 7. Arrhenius plot for the reaction o~ atomic oxygen with 

2,3·dimethylbutane. 
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0+ n - Heptane 
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o Marsh and Heicklen [58J 

• 
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I 
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FIGURE 8. Arrhenius plot for the reaction of atomic oxygen with 
n.heptane. 

TABLE 16. Rate constants for the reaction of atomic oxygen with 
n·heptane 

Rate constant, I No. 
cm 3 mol-I S-I 

Temp. K Ref. Comments 

2.9~~:~ X 1013 exp 307-597 60* Discharge flow-

(- 2920 ± 140fT) + mass spec-

11.9~~:~x 1013 exp trometry 

(-2190±70lT) 
2.52 X 1010 247 
3.23 249 
2.71 249 
5.25 255 
3.85 255 
5.01 255 
5.26 276 
5.80 276 
4.30 276 
4.75 276 
4.60 276 
6.47 276 
1.12 X 1011 307 
8.97 X 1010 307 
1.04 X 1011 307 
1.03 307 
1.27 321 
2.03 335 
2.25 336 
1.66 338 
2.16 357 
4.48 386 
7.96 437 
8.33 437 
6.96 441 
1.36 X 1012 508 

TABLE 16. Rate constants for the reaction of atomic oxygen with 
n·heptane- Continued 

Rate constant, No. Temp. K Ref. Comments 
cm3 mo)-I S-I 

1.81 508 
4.00 593 
3.63 597 

6.6 X 1010 5 307 58a Hg photos ens. 
1.1 X 1011 6 343 decomp. of 
2.1 5 398 N20 

a Relative rate measurements, see table 59. 

TABLE 17. Rate constants for the reaction of atomic oxygen with 
n·octane 

Rate constant, No. Temp.K I Ref. Comments I 

cm3 mol-I S-1 

2.9~::~ X 1013 307-597 60* Discharge flow-

exp (-2920 mass spec· 
±140/T) + tromptry 

9.3+1.2 X 1013 
-1.1 

exp (-2030 
±50fT) 

4.80 x 1010 247 
1.02 X 1011 254 
9.37 X 1010 255 
6.29 255 
6.70 255 
1.26 x lOll 276 
6.52 X 1010 276 
8.52 276 
8.96 276 
2.13 276 
5.74 276 
5.05 276 
5.77 276 
8.12 276 
1.36 X lOll 307 
1.39 307 
1.29 307 

1.09 . 307 
1.07 307 
1.71 321 
2.73 336 

2.30 338 
3.11 357 
5.02 386 
8.80 137 

8.82 437 
9.22 44] 
1.59 X 1012 508 
2.16 50S 

3.28 593 
3.26 597 

1.8 X 1013 353-473 2 Discharge flow-
exp (~2110{T) final products 

4.6 X lOIn 353 
8.4 393 
1.26 X 1011 423 
1.99 473 
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FIGURE 9. Arrhenius plot for the reaction of atomic oxygen with 
n-octane_ 

TABLE 18. Rate constants for the reaction of atomic oxygen with 
some miscellaneous alkanes 

Rate constant, 
No. Temp. K Ref. Comments cm3 mol- l S-1 

Propane 
1.0 X 1014 850-930 62,119 Ignition limits 
exp (-3120 
±500IT) 

8.1 X 109 3 297 13 a.* Hg photos ens. 
1.6 X 1010 6 343 decomp. of 
3.7 3 398 N20 

9.9 X 109 305 129 a • * Hg photosens. 
decomp. of 
N20 

2-Methylpropane 
3.6 X 109 293 7 Discharge flow-

final products 

3.5 X 1010 298 164 b Hg photosens. 
decomp. of 
N20 

2-Methylbutane 
8.0 X 1010 3 307 60* Discharge flow-

mass spec-
trometry 

2,2-Dimethylpentane 
6.5 X 1010 3 307 60* Discharge flow-

mass spec-
trometry 

J. Phys. Chem. Ref. Data, Vol. 2, No.3, 1973 

TABLE 18. Rate constants for the reaction of atomic oxygen with 
some miscellaneous alkanes...;. Continued 

Rate constant, No. Temp. K Ref. 
cm3 mol-1 S-1 

2,4-Dimethylpentane 
1 X 1011 2 307 60* 

3-Methylheptane 
6.5 X 1010 300 17 

2.6 X 1011 298 IP 

2,2,4·Trimethyl-
pentane 

7 X 1010 2 307 60* 

4.0 X 1010 6 307 58 a 

5.8 5 ;S4;S 

1.1 X 1011 6 398 

2,3,4-Trimethyl-
pentane 

3X 1011 2 307 60* 

2,2,3,3-Tetramethyl-
butane 

8x 109 2 307 60* 

a Relative rate measurements, see table 59. 
b Relative rate measurements, see table 65. 

3.2. Cycloalkanes 

Comments 

Discharge flow-
mass spec-
trometry 

Flow photolysis 
ofN02 

Hg phoiosens. 
decomp. of 
N20 

Discharge flow-
mass spec· 
trometry 

Hg photosens. 
decomp. of 
N20 

Discharge flow-
mass spec-
trometry 

Discharge flow-
mass spec-
trometry 

There are essentially two sets of data available on the 
reactions of atomic oxygen with cycloalkanes, one 
covering the C5-C 7 compounds using discharge-flow 
techniques, the other covering the C3-C 6 compounds 
using Hg sensitized decomposition of N 2 0 as the atom 

source. Although there is reasonable agreement between 
the two sets of data at room temperature, the derived 
Arrhenius parameters are not in such good agreement. 
Because of their greater temperature range, the dis
charge flow values are the basis for the recommended 
values. 

The Arrhenius pre-exponential factors per C-H bond, 
and the activation energies for the reactions of atomic 
oxygen with cyclopentane, cyclohexane, and cyclo
heptane are almost identical to those found for abstrac
tion of secondary H atoms from alkanes, which suggests 



RATE CONSTANTS FOR REACTIONS OF ATOMIC OXYGEN 483 

t hal the mechanisms in both cases are simple hydrogen 
atom abstractions 

cyclo-RH + 0 ~ OH + cyclo-R. 

In the case of spiropentane the Arrhenius parameters 
are very close to those found for abstraction of primary 
H atoms, a result in accord with the higher C-H bond 
strength in spiropentane as compared with the larger 
and less-strained cycloalkanes. 

The data on cyclopropane and cyclobutane are not 
extensive enough to lead to reliable Arrhenius param
eters and recommended values are given only at 298 K. 
These two reactions clearly need further study. 

TABLE 19. Rate constants for the reaction of atomic oxygen with 
cyclopropane and cyclobutane 

Rate ('onloltant, No. Temp. K Ref. 
cma moJ-1 S-I 

Cyclopropane 
5.2 x 10· 3 290 13~' ok 

1.2 X 109 2 343 
2.5 2 398 

4.7 X 108 7 298 12 a. * 
8.9 8 343 
2.0 X 109 7 398 

5.4 X 106 298 88 b 

Cyclobutane 
7.2 X 109 6 298 12 a, * 
1.7 X 1010 5 343 
3.1 7 398 

a Relative rate measurements, see table 59. 
b Relative rate measurements, see table 65. 

COml1~cllt:> 

IIg phulu:>t::u:>. 

decomp. of 
N20 

Hg photosens. 
decomp. of 

N20 

Hgphotosens. 
decomp. of 
N20 

Hg photos ens. 
decomp. of 
N20 

TABLE 20. Rate constants for the reaction of atomic oxygen with 

cyc10pentane 

Rate constant. No. Temp. K Ref. Comments 
emS mol-1 S-I 

1.3~g} X 1014 exp 307-652 102* Discharge flow-

(- 2210 ± 100fT) rna!;!; spec. 

trometry 
1.22 X 1011 307 
0.99 307 
1.78 331 
1.49 339 
1.50 339 
5.70 415 
6.64 418 
5.01 419 
1.06 X 1012 479 
1.59 493 
2.40 543 
3.36 557 

TABLE 20. Rate constants for the reaction of atomic oxygen with 
cyclopentane - Continued 

Rate constant, No. Temp.K Ref. Comments 
cm3 mol- 1 S-1 

2.13 564 
2.75 631 
5.41 647 
4.07 652 

5.2 X lOll) 6 298 12~ Hg photos ens. 

8.2 8 343 decomp. of 

1.3 X 1011 5 398 N 20 

a Relative rate measurements, see table 59. 

0+ Cyclopentone 

o Huie and Herron [102] 
• Stuckey and Heicklen [121. 

10'3 
-;-

-;-
0 
E 
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E 10'2 u 

o • o 
lOll • 

• 

10'0 '----'------I __ ---'-__ -..l __ --L __ -.l.. __ .....J 

1.0 2.0 3.0 

103/T, K- 1 

.I'IGURE 10. Arrhenius plot for the reaction of atumic oxygen with 
cyclopentane. 

TARLF. 21. Ratf> con!l;tants fOT thp Tp::If'tifin flf 'llnmi(' ')Yygen with 

spiropentane 

Rate constant, No. Temp. K Ref. Comments 
em 3 mol-I S-I 

4.0=~:~ X lOIS exp 337-6.52 102* Discharge flow-

(-2890± lOOIT) mass spec· 

trometry 
0.623 X 101<1 337 
1.01 339 
1.0] 339 
0.792 339 
0.987 339 
0.614 339 
3.77 416 
4.47 417 
2.26 418 

J. Phys. Chern. Ref. Data, Vol. 2, No.3, 1973 
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TABLE 21. Rate constants for the reaction of atomic oxygen with 
spiropentane- Continued 

Rate constant, No. Temp.K Ref. Comments 
cm3 mol-I S-I 

1.18 X 1011 473 
0.80 480 
2.03 548 1 

2.07 553 ! 
1.61 564 
5.44 647 
5.48 651 
5.35 652 

o + Spiropentone 

o Huie and Herron [102] 

Id2 

-;-
II) 

-;-
-0 
E 

o 
E ld l 
u 

o 

0 

, , , , 
, , 

1.0 2.0 3.0 
103/T , K- 1 

the reaction FIGUHL 11. Arrhenius plot for 
spiropentane. 

of atomic oxygen with 

TABLE 22. Rate constants for the reaction of atomic oxygen with 
cyclohexane 

Rate constant, 

cm3 mol- I S-I 

2.2~g:~ X 1014 

exp (-2350 
± 100fT) 

1.42 X 1011 
1.37 
1.00 
2.12 
1. 71 
1.87 
6.14 
7.53 
5.77 

I 
No. I Temp. K Ref. 

i 

307 -692 102 * 

307 
307 
307 
331 
339 
339 
415 
418 
419. 

J. Phys. Chern. Ref. Data, Vol. 2, No.3, 1973 

Comments 

Discharge flow

mass spec
trometry 

TABLE 22. Rate constants for the reaction of atomic oxygen with 
cyclohexane- Continued 

Rate constant, No. Temp. K Ref. Comments 
cm:! mol-I S-I 

1.34 X 1012 474 
1.74 493 
4.28 557 
3.52 564 
6.23 631 
7.74 647 
5.33 652 

5.4 X 1010 6 298 12 3 Hg photos ens. 
1.0 X 1011 7 343 decomp. of 

1.6 6 392 N20 

5.4 X 1013 353-493 47 Discharge flow-
exp (-2260IT) final products 

8.7 X 1010 353 
1.9 X 1011 398 
4.7 458 
5.1 493 

3 Relative rate measurements, see table 59. 

Id3 
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-;-
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o + Cyclohexane 

o Huie and Herron [102J 
• Stuckey and Heicklen [12] 
+ Avramenko et. 01. [47] 
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FIGURE 12. Arrhenius plot for the reaction of atomic oxygen with 
cyclohexane. 

TABLE 23. Rate constants for the reaction of atomic oxygen with 
cycloheptane 

Rate constant, No. Temp. K Ref. Comments 
cm 3 mol-I S-I 

2.9+1.0 X 1014 331-652 102* I Discharge flow--0.7 

exp (-2230 mass spec-
± 140fT I I trometry 
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I .\1\1.1': 23. Rate constants for the reaction of atomic oxygen with 
cycloheptane- Continued 

Hale constant, No. 
.. 111:1 mo1- 1 S-I 

4.HB X 1011 

·1.(.H 

:un 
1.:.17 x 1012 

1.27 
I.BO 
:~.JS 

-1.B6 
B.OS 

4.11 
1.01 x 1013 

1.24 
OJ);) 

10'3 

"7" 
C/) 

"0 
E 

r<) 

E Id2 
u 

i 

Temp. K Ref. Comments 

331 
339 
339 
418 
419 
474 
493 
548 
557 
564 
631 
647 
()~:l 

o -t Cycloheptane 

o 

o 

o Huie and Herron [102] 

o 
o 

o 

.. .. 
.. 

10'O~----~----~----~----L-----~----~--~ 
1.0 2.0 3.0 

103/ T, K- 1 

FIGURE 13. Arrhenius plot for the reaction of atomic oxygen with 
cycloheptane. 

3.3. Haloalkanes 

The reactions of atomic oxygen with the monohalo
alkanes are probably simple hydrogen atom abstractions 

o + RX ~ OH + R'X, 

where X represents a halogen atom. 
The corresponding halogen atom abstraction reaction 

0+ RX~OX+ R, 

is too endothermic in the case of X = F, Cl, Br to be 
important at temperatures much below 1000 K. The case 
for X = I is not so clear, however, there being evidence 
that the iodine atom abstraction is rapid even at room 
temperature [60]. 

The only extensive set of data on these reactions is 
for the monochloro- and monobromoalkanes. As ex
pected, the Arrhenius parameters are very similar to 
those for the unsubstituted alkanes. Although the 
Arrhenius plots are curved in some cases, corresponding 
to abstraction at different C-H bond sites, there are in
sufficient data to distinguish between contributions from 
different C-H bond types to the tota] rate constant. The 
recommended rate constants, which are based entirely 
on the results of discharge-flow experiments, are thus 
valid only over the range of the measurements. Extra 

polation of the data to higher temperatures particularly 
in those ~ases where more than one type of C-H bond 
is involved, is not advised. 

Data on the more heavily substituted haloalkanes are 
very limited. A study of the reaction of atomic oxygen 
with tetrach]oromethane [42] indicated that the Ar
rhenius activation energy was 18.8 ± 1.3 kJ mol-I, a 
value incompatible with the mInImUm activation 
energy required on the basis of the calculated heat of 
reaction for the abstraction reaction 

0+ CCl4 ~ CIO + CCls, 

of 33.0 ± 8.4 kJ mol-I. To account for the observations 
the following primary reactions have been postulated 
[42] 

o +CCI4~ COCb+Cb, 
~ CO+2CI2 • 

TABLE 24. Rate constants for the reaction of atomic oxy~en with 
chloromethane 

Rate constant, 
No. Temp.K Ref. 

em3 mol-I S-I 
COlllments 

2.5+1.5 X 1013 
-0.9 381-607 76* Disdmf!!:e f1ow-

exp (-3880 mass ~pec-
±220jT) Irornclry 

1.08 X 109 381 
7.4 X 1O~ 385 
9.8 385 
3.48 >< 109 434 

2.93 434 
5.22 437 
6.70 44B 
1.12 X 1010 505 
1.38 506 
6.88 X 109 SOB 
1.48 X 1010 5]3 

6.15 603 
3.88 603 
3.51 607 
3.48 607 

- 2 X IOH 353 53 a .* Discharge flow-

J. Phys. Chern. Ref. Data r Vol. 2, No.3, 1973 
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TABLE 24,. Rate constants for the reaction of· atomic oxygen with 
chloromethane- Continued 

Rate constant, No. I Temp. K Ref. Comments 
cm3 mo)-l S-l 

4.8 X 109 468 mass spec-

4.3 X 1010 638 trometry 

3.4 X 1011 949 

1.7 X 1013 350-1000 table 3 Recommended 
exp (- 3690/T) value 

4.3 X 1011 1000 
7.2 X 107 298 

a Relative rate measurements, see table 56. 
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FIGURE 14. Arrhenius plot for the reaction of atomic oxygen with 
chloromethane. 

TABLE 25. Rate constants for the reaction of atomic oxygen with 

bromomethane 

Rate constant, No. Temp.K Ref. Comments 
cm3 mol- I s- 1 

- 1 X 1013 exp 385-595 76* Discharge flow-

(-3500fT) mass spec-
trometry 

9.6 X 108 385 
1.13 X 109 385 
3.47 429 
2.01 433 
2.70 434 
3.82 448 
7.81 505 
6.03 508 
5.10 X 1010 595 
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TABLE 25, Rate constants for the reaction of atomic oxygen with 
bromomethane- Continued 

Rate constant, No. Temp.K Ref. Comments 

cm3 mo}-l $-1 

2 X 1011 613 53 a ,* 1 Discharge flow-
1 X 1012 966 mass spec-

trometry 

3.0 X 1013 exj.l 350-1000 table 3 Recommended 
(-3800fT) 

\ 

value 
7.0 X 1011 1000 

a Relative rate measurements, see table 56. 
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FIGURE 15. Arrhenius plot for the reaction of atomic oxygen with 
bromoethane. 

TABLE 26. Rate constants for the reaction of atomic oxygen with 
tetra chloromethane 

Rate constant, No. Temp. K Ref. Comments 

cm 3 mo]-I S-I 

2.0±0.9 X 1010 exp 277-373 42* Discharge flow-

(-2260± 150fT) air afterglow 
6.63 X 106 6 277 
9.88 4 283 
'1.13x10 7 II 292 

2.23 4 329 

5.68 4 373 

1.5 X 108 300 84 Discharge flow-
e.s.r 
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FIGURE 16. Arrhenius plot for the reaction of atomic oxygen with 

tetrachloromethane. 

TABLE 27. Rate constants for the reaction of atomic oxygen with 

chloroethane 

Rate constant, No. Temp. K I Ref. Comments 
cm3 mol-1 S-l 

I 

4.8+1.1 X 1013 336-662 76* Discharge flow-
-O.H 

exp (-3330 mass spec-

±90fT) trometry 

2.40 X 109 336 
3.23 336 
2.64 339 

6.32 381 

6.84 385 
8.15 390 
~.43 X lUlU 434 

2.27 434 

2.09 437 
2.78 437 
4.7U !>u!> 

6.47 506 
7.04 513 
1.81 X lOll 603 
1.86 603 
2.58 607 
2.56 622 

o 
E 

o + Chloroethane 

o Herron and Huie [76] 

o 

o 
9 

109 ~----~----~----~----~----~----~~~ 
1.0 2.0 3.0 

103/ T I K- 1 

FIGURE 17. Arrhenius plot for the reaction of atomic oxygen with 

chloroethane. 

TABLE 28. Rate constants for the reaction of atomic oxygen with 

bromoethane 

Rate constant, No. Temp. K Ref. Comments 
em3 mo]-I S-1 

3.1+0.9 X 1013 
-0.7 

336-607 76* Discharge flow-

exp (-3260 mass spec-
± 110fT) trometry 

1.98 X lO~ 336 

2.39 336 
2.65 339 
4.92 385 
5.22 .}f!5 

5.81 390 

2.01 X 1010 433 

1.69 4:)4 
2.13 448 

5.33 503 
4.99 505 
3.74 508 
1.37 X lOll 600 
1.69 603 
].56 607 

J. Phys. Chem. Ref. Data, Vol. 2, No.3, 1973 
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FIGURE 18. Arrhenius plot for the reaction of atomic oxygen with 
bromoethane. 

TABLE 29. Rate constants for the reaction of atomic oxygen with 
2-chloropropane 

! No. 
I 

Rate constant, Temp. K Ref. i Comments 
cm3 mo}-l S-l I 

2.6~g:! X 1013 exp 336-622 

1

76

' 

Discharge flow-
(-2620± 701T) mass spec-

trometry 
l.13 X 1010 336 
1.34 336 
1.39 339 
1.27 339 
1.22 343 
3.39 394 
4.75 429 
5.17 437 
6J!6 451 

6.40 451 
7.79 451 
7.90 452 
1.70 X 1011 512 
1.77 532 
4.22 595 
3.38 

I 
603 

~.76 606 

3.29 ! 607 
3.80 62] 
5.12 

I 
622 
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0-+ 2 -Chloropropane 

o Herron and Huie [76] 
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FIGURE 19. Arrhenius plot for the reaction of atomic oxygen with 
2-chloropropane. 

TABLE 30. Rate constants for the reaction of atomic oxygen with 
2-bromoprnpane 

Rate constant, No. Temp. K I Ref. Comments 
em:! mo}-1 S-1 

2.3~~:~ X }013 exp 336-607 76* Discharge Aow-
(-2700±90IT) mass spec-

trometry 
7.53X109 336 
7.85 336 
9.92 339 
9.65 339 
1.55 X lOll) 385 
1.61 385 

2.18 390 
6.76 433 
4.43 434 
5.17 437 
5.43 443 
1.06 X lOll 

I 505 
1.05 I 506 
1.15 I 513 

2.91 ' . 603 
2.85 607 
2.91 

I 
607 
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o + 2 - Bromopropone 

o Herron and Huie [76] 

1012 
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~ 

0 
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E 10" u 

o 

1010 o 

, 
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.... , 
, 

.... 

.... 

109~----~----~----~~----~----~----~----~ 
1.0 2.0 3.0 

103/T , K- 1 

FIGURE 20. Arrhenius plot for the reaction of atomic oxygen with 
2-bromopropane. 

TADLE 31. Rate constants for thc reaction of atomic oxygen with 

2-chlorobutane 

Rate constant, 
No. Temp. K Ref. Comments em:! mol-1 S-1 

3.6:8:~ X 1013 336-622 76* Discharge flow-
exp (-2530 mass spec-
±70/T) trometry 

2.02 X 1010 336 
1.95 336 
2.25 339 
2.28 339 
3.63 381 
5.97 394 
8.03 410 
9.93 437 
9.66 443 
1.03 X lOll 443 
1.99 506 
2.90 512 
2.40 513 
5.78 604 
5.63 607 
7.29 622 

, 
.... 

" , 
" 0 + 2 - Chlorobutone 

" ',OHerron and Huie [76] , 
" 

"", 

10'2 

J 
en 

J 
(5 
E 
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E lOll u 

, , , , , , , 
" " o 

o 

109~----~----~----~----~----~----~----~ 
1.0 2.0 3.0 

103/T , K- 1 

FIGURE 21. Arrhenius plot for the reaction of atomic oxygen with 
2-chlorobutane. 

TABLE ~2_ Rate conlltants for the reaction of ::Itomif' OYYI!PIl with 
l-chloro-2-methylpropane 

Rate constant, No. Temp. K Ref. Comments cmll mol-1 S-l 

3.6~l,:~ X 1013 336-607 76* Discharge ftow-
exp (-2520 mass spec-
±llO/T) lrometry 

2.31 X 1010 336 
1.99 339 
2.64 339 
6.40 38] 
4.72 390 
5.91 394 
8.50 434 
1.01 X lOll 443 
1.13 4-1':3 

1.88 SO!) 

2.13 5{)6 

2.43 

\ 

512 
2.55 SJ:) 

7.26 60:) 
7.]6 

I I 
607 

6.83 607 

J. Phys. Chern. Ref. Data, Vol. 2, No.3; 1973 
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o Herron and Huie (76] 
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109~----~----~----~----~----~------~--~ 
1.0 2.0 3.0 

103/ T, K- 1 

FIGURE 22. Arrhenius plot for the reaction of atomic oxygen with 
l-chloro-2-methylpropane. 

TABLE 33. Rate constants for the reaction of atomic oxygen with 
2-chloro-2-methylpropane 

Rate constant. No. Temp. K 
I 

Ref. Comments 
cm3 moi- I S-1 

2.6~~:~ X 101:l 336-607 76* Discharge How-
exp (-3010 mass spec-
± 110fT) trometry 

3.34 X 109 336 
5.22 339 
3.33 339 
7.28 381 
1.05 X 1010 390 
1.65 394 
1.96 410 
2.46 437 
2.22 -137 

2.70 452 
6.40 506 
B.63 512 
7.65 513 
2.06 X 1011 603 
2.08 607 
1.69 607 
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FIGURE 23. Arrhenius plot for the reaction of a:tomic oxygen with 
2-chloro-2-methylpropane. 

TABLE 34_ Rate constants for the reaction of atomic oxygen with 
I-bromobutane 

Rate constant. No·1 Temp.K Ref. Comments 
ema mo/- I S-I 

4.4:~:~ X 1013 336-607 176* Discharge flow-
exp (-2680 mass spec-
±90/T) lrometry 

1.67 X 1010 336 
1.62 336 
2~01 339 
3.41 385 
3.53 385 
4.86 390 
9.71 433 
9.34 434 

9.36 448 
1.94 X 1011 503 
2.3B 505 
1.92 508 
4.93 600 
6.71 603 
3.90 607 

I 
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FIGURE 24. Arrhenius plot for the reaction of atomic oxygen with 
1-bromobutane. 

T AtiLt. 35. Rate I.;UII:;lalll:; fUI tht: n::actiIJU of atomic oxygen with 

I-bromo-2-methylpropane 

Rate constant, I No Temp. K Ref. Comments cm~ mQ}-1 5-
' 

3.4:!:iJ X 1013 336-595 76* Discharge flow-
exp (-2510 mass spec-
± 190fT) trometry 

1.87 X 1010 336 
2.95 336 
2.47 339 
3.57 385 
4.12 385 
4.35 387 
1.01 X lOll 429 
9.79 X 1010 448 
2.70 X 1011 503 
1.92 508 
7.29 595 

j 

-;-
til 

-;-
a 
E 

r<') 

E 
u 

Id2 

lO" 

0+ 1- Bromo-2- methylpropane 
o 'Herron and Huie [76] 

o 
o 

o 

o 

109~----~----~----~----~----~----~----~ 
1.0 2.0 3.0 

103/ T, K- 1 

FIGURE 25. Arrhenius plot for the reaction of atomic oxygen with 
l·bromo-2-methylpropane. 

TABLE 36. Rate constants for the reaction of atomic oxygen with 
l·chloro·2,2.dimethylpropane 

Rate constant, No. Temp. K I Ref. I Comments cm3 mo)-I g-I 

3.2:8:: X 1013 336-607 76* Discharge flow-
exp (-2670 mass spec· 
±RO/T) trometry 

1.38 X 1010 336 
1.13 339 
1.41 339 
2.07 

; 
:38J 

3.32 3')4 
4.91 4]{) 

i 
6.59 4:n i 

7.39 4;·n 
7.24 44';:3 
1.44 X 1011 506 
1.83 5]2 
1.73 5]3 
4.56 603 
3.66 606 
4.]] 607 

J. Phys. Chern. Ref. Data, Vol. 2, No.3, 1973 
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j 3.4. Alkenes, Alkadienes, and Cycloalkenes 

0+ 1- Chloro- 2,2 - dimethyl propane 

o Herron and H,uie [76] 

10'2 

7 
If) 

7 
"0 
E 

.., 
E lO" u 

o 

101() 

10 3fT, K- 1 

FIGURE 26. Arrhenius plot for the reaction of atomic oxygen with 
l-chloro-2,2-dimethylpropane. 

TABLE 37. Rate constants for the reaction of atomic oxygen with 
some miscellaneous haloalkanes 

Rate constant, No. Temp. K Ref. I, Comments 
cm:1 mol-I S-I 

I 

Fluoromethane 85~948 64 I Ignition limits 
7.8 X 1012 exp 
(- 4880 ± 400fT) 

Difluoromethane 873-953 81 Ignition limits 
2.65 X 1012 exp 

(-4430/T) 

Trifluoromethane ~ 1000 53" Discharge Aow-
~ 2 X 109 mass spec-

trometry 

Trichloromethane 300 84 Discharge ftow-
1.5 X 109 e.s.r. 

l,2-Dichloroethane 353-473 54 Discharge flow-
1.2 X 10,3 exp final products 

(-2770IT) 353 
(i.OX 10" 

~ I 
395 

8.9 433 
1.61 X 10;0 473 
6.0 

I 1-Chloroheptane 298 76* Discharge flow--
- 8 X lOHl I mass spec-

I trometry I 
I 

a Relative rate measurements, see table 56. 

J. Phys. Chem. Ref. Data, Vol. 2, No.3, 1973 

The mechanisms of the reactions of atomic oxygen 
with olefins have been studied in great detail by 
Cvetanovic and co-workers [63). The general mechanism 
consists of the electrophilic addition of the oxygen 

atom to the double bond of the olefin followed by rear~ 
rangement and decomposition or stabilization of the 
adduct. 

There is an extensive body of both absolute and rela
tive rate measurements for these reactions_ Two sets 
of absolute measurements have been made as a function 
of temperature for a series of alkenes. Although these 
data lead to different values of the Arrhenius param~ 
eters, the disagreement in rate constants is at worst a 
factor of two. In our opinion the flow data are subject 
to greater uncertainty because of the possibility of com~ 
plications due to secondary reactions, and therefore 
the flash photolysis - resonance fluorescence data have 
been chosen as the basis for the recommended values. 
However a measurement of the rate constant at room 
temperature for the ethylene reaction using the flash 
photolysis - NO chemiluminescence technique (126] 
gives a value about 30 percent lower than that obtained 
using the flash photolysis - resonance fluorescence tech
nique [104]. Although this is a relatively small uncer
tainty for gas kinetic rate measurements, it is outside 
the combined experimental uncertainty. We do not 
know the reason for the different results, and can see 
nothing basically wrong in either technique. In the case 
of the propene reaction, again at room temperature, the 
two techniques give identical results. Unfortunately 
these are the only reactions for which data are available 
using both techniques. 

In general the Arrhenius plots for these reactions are 
linear, the one exception being }-butene. This has been 
interpreted a5 ari5ing from a competing hydrogen atom 

ab:straction reaction at the ex C- H bond site. The curved 
Arrhenius plot was resolved into two linear plots corre
sponding to addition and abstraction. This format is 
used here for convenience, but it must be emphasized 
that the argument is purely a kinetic one, and there is 
no supporting evidence. 

Absolute rate measurements on the cis-2-butene and 
2,3-dimethyl~2-butene reactions indicate that these 
reactions have negative Arrhenius activation energies. 
This also appears to be the case for 1,3-butadiene, 

2-methyl-2-butene, cyclopentene, and cyclohexene 
based on relative rate measurements. Conner, et al. 
[106] first suggested that this might be the case for 
some reactions of group VI atoms, and it now has been 
observed also for reactions involving atomic tellurium 
[106] and sulfur [201]. The extrapolation of these rate 
constants outside of the limits of the measurements 
should be undertaken with caution. 
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TADLE 38. Rate constants for the reaction of atomic oxygen with 
ethylene 

Rate constant, 
cm3 mol-I 8-1 

B., ~ X 1012 exp 

I). 

1. 

I. 
2. 

(-800IT) 
SX 10" 
7 
8 
3X 1012 

3 
] 

X 1013 

J. 
2. 
3. 
4. 

7. 
1. 

1. 
3. 

3. 

2. 

3. 

4. 

5. 

6. 

6. 
7. 

8. 

9. 

1. 

5. 

5. 

5. 

4. 

44±0.05 X 10" 
05±0.1 
3±0.1 
5;;!;.0.3 

4±0.1 
78 ± O.OS X 1012 

96±0.OS 
4±0.2 

26±0.18 X 1012 exp 
(- 565 ± 161T) 

76 X 10" 
42 
48 
03 

35 
91 
62 
04 

15 
09 X 1012 

30 X 10" 

22 X 10" 
60 

2 X 10" 

.4 ± 0.5 X 1014 exp 

(-4080 ± 2501T) 

No. 

2 
3 
2 
2 
1 
3 

S 
S 
5 

12 

4 
6 
3 
1 

2 
3 
1 

31 
2 
3 
2 
2 
1 
1 

4 

2 
7 

Temp. K Ref. Comments 

223-613 19 Discharge flow-
air afterglow 

223 
300 
413 
463 
488 
613 

1400-1860 71 Flame structure 

195 2S8 Discharge flow-
226 e.S.r. 
273 
298 

381 
548 
S55 
715 

232-500 104* Flash photoly-
sis-resonance 

232 fluorescence 
256 
284 
298 
341 
379 
398 
406 
451 
500 

298 104* Flash photoly-

sis-kinetic 
absorption 

298 104 Discharge flow-
307 mass spec-

trometry 

298 199 d Pulsed photoly-

sis-air after-
~luw 

840-930 68 b Ignition limits 

TABLE 38. Rate constants for the reaction of atomic oxygen with 
ethylene - Continued 

Rate constant, No. Temp. K Ref. Comments 
cm3 mol- I S-I 

2.18± 1.11 X 10" 298 72 Discharge flow-
mass spec-
trometry 

6 X 1010 exp (-680fT) 313-503 57 Discharge flow-
7.3 X 109 313 final products 

9.3 353 
9.0 393 
1.3 X 1010 403 

1.3 416 
1.7 503 

3.2 ± 0.4 X 1011 298 29(' Discharge flow-
e.s.r. 

3.8 ± 0.4 X 1011 298 126 Flash photoly-

sis-air after-
glow 

3.1 ±0.3 X 10" 298 87 Discharge flow-
mass spec-
trometry 

1.1 ±0.4 X 1013 exp 223-465 10 Discharge flow-
(-800IT) air afterglow 

3.2 X 10" 2 223 
3.5 1 243 
4.1 2 258 
5.7 1 273 
6.9 23 293 

I 1.05 X 1012 1 350 
1.06 2 373 
1.35 1 407 
1.90 2 465 

3.3 X 1012 exp 200-500 table 4 Re(:ommended 
(-565fT) value 

4.9 X lO" 298 

a Individual rate constants are reported (lverall rate constants 
divided by 2.0. 

b Pre-exponential factor incorrectly given as ].4 X 1 Ol~ em:1 Illoj-l 

8- 1. Correct value inferred from data given ill reference 174]. 

C Rate constant is reported overall rate constant divided by 3.5. 

d Supercedes data given in references II2HI and 1 ISOI. 

J. Phys. Chern. Ref. Data, Vol. 7, No.3, 1973 
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10 13 ~---------------------------'r--------------r--------------~-------------r------~ 

o + Ethylene 

• 

00 

o 

o Elias [19] 
• Westenberg and deHoss 
o Davis et 01 (flash phot.) 
x Davis et 01 (mass spec.) 

• Tanaka et 01 [72J 
6. Niki et 01 [87J 
• Stuhl and Niki [126] 

Azalyan et 01 [68J 
I Cvetanovic [199J 

xO 

• + ... 
6. 

• 
• 

• 

[25J 
[l04J 
[104] 

• 
10"~-------------L--------------L-------------~--------------~-------------L------~ 

o LO 2.0 3.0 

10 3fT, K- 1 

4.0 5.0 

FIGURE 27. Arrhenius plot for the reaction of atomic oxygen with ethylene. For clarity the data of references [10], [29], 
[57], and [71] have been omitted. 

TABLE 39. Rate constants for the reaction of atomic oxygen with 
propene 

Rate constant, No. Temp. K Ref. Comments 
cm3 mol-I S-I 

2.2:t0.2 X 1012 300 126 Flash photoly· 

sis-air after-
glow 

1. 72 X 1012 exp 361-482 57 Discharge flow-
(-1500IT) final product 

2.6 X 1010 361 
3.9 40i 
6_0 453 
8.8 482 

2.6 X 1012 298 14 3 Hg photosens. 
decomp. of 
N20 

2.3 X 1012 297 13 il Hg photosens. 

1.9 343 decomp. of 

2.4 398 N20 

2.1 X 1012 296 79 c ,44" Hg photosens. 
decomp. of 

NzO 

2.0 X 1012 298 199 d Pulsed photoly-

sis-air after-
glow 

2.9 X 1011 910 74 \ Ignition limits 

J. Phys. Chern. Ref. Dato, Vol. 2, No.3, 1973 

TABLE 39. Rate constants for the reaction of atomic oxygen with 
propene - Continued 

Rate constant, I No. Temp. K Ref. 
cm3 mol-I S-1 I 

2.5 ± 0.20 X 1012 exp 201-424 149* 
(-38±22/T) 

2.08 X 10'2 I 201 
2.17 I 212 
2.04 2 230 
2.14 I 247 
2.22 14 298 
2.32 2 333 
2.31 2 368 
2.00 I 380 
2.13 1 385 
2.45 1 424 

2.07 X 1012 1 215 166 
2.27 I 257 
2.40 I 298 

2.5 X 1012 exp 
i 20G-500 table 4 

(-381T) 

I 

298 
2.2 X 1012 

3 Relative rate measurements, see table 58. 

b Relative rate measurements, see table 59. 

C Relative rate measurements, see table 62. 

I 
Comments 

Flash photolysis-
resonance 
Al1nrp~ppn('p 

Flash photolysis-
resonance 
fluorescence 

Recommended 
value 

d Supercedes data given in references [128] and [150]. 
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FIGURE 28. Arrhenius plot for the reaction of atomic oxygen with 
propene. 

TABLE 40. Rate ("onstHnts for th~ T~action of atomic oxygen with 
l·butene 

Rate constant, No. Temp.K Ref. Comments 
cm3 mol- 1 5-1 

2.8 X 1012 298 26 3 Hg photos ens. 
decomp. of 
N20 

2.4 X 1012 298 199 d Pulsed photoly-
sis-air after-
glow 

2.3 ± 1.1 X 1012 exp 190-491 166 e. * Flash photoly-
(-25±105/T) sis-resonance 
+9.6±5.4 X 1012 fluorescence 
exp (-990 ± 220fT) 

L95x 1012 1 190 
2.00 5 200 
2.11 2 215 
1.96 5 226 
2.18 1 248. 
2.24 5 272 
2.1B 1 274 
,;t4li 10 ?'QR 
2.82 1 343 
2.69 3 370 
3.17 1 403 
3.22 3 472 
3.39 4 484 
3.57 1 491 
l.3X 1013 exp (-430jT) 223-663 19 Discharge flow-
1.92 X 1012 223 air afterglow 
3.12 300 
5.10 488 
6.60 663 

2.6X 1012 300 19 a Discharge flow-
3.1 423 air afterglow 

2.9x 1012 298 14 b Hg photos ens. 
decomp. of 
N20 

2;7x 1012 299 n b Hg photos ens. 
2.6 399 decomp. of 

N20 

TABLE 40. Rate constants for the reaction of atomic oxygen with 
I-butene- Continued 

Rate constant, No. Temp. K Ref. Comments 
cm3 mol-I S-I 

2.3 x 1012 397 16 C He phntoll:p.nll:. 
decomp. of 

I 
N20 

1.8 X 1012 297 13 c Hg photosens. 
2.2 343 decomp. of 
2.5 398 N20 

2.3 X}OI2 exp IBO-5oo table 4 Recommended 
(-25fT) +9.6 X value 
1012 exp (-990fT) 

2.3 X 1012 298 

3 Relative rate measurements, see table 65. 
b Relative rate measurements, see table 58. 
C Relative rate measurements, see table 59. 
cl Supcrecdc5 data given in referenccs [12S] and .(150). 

e Supercedes data given in reference [118]. 

1.0xlOl3 

8.0 

., 6.0 
!J) 

I 

(5 
E 4.0 

rt> 

E 
u~ 
~ 

2.0 

0+ 1- Butene 

• 

o Huie et 01 [166] 
o Elias [19, rei] 
• Elias [19, abs] 

• 

+ Cvetanovic [199] 
X Sounders 8 Heick Ie n [13] 

• Cvetanovic [I t] 

LOx 1012 L-.-'-_..L---L._....1---I_....I-_I...-;...J....._.L..--.L.._...L.----l 

o 1.0 2.0 3.0 4.0 5.0 6.0 
103/T , K-1 

FIGURE 29. Arrhenius plot for the reaction of atomic oxygen with. 
I-butene. 

TABLE 41. Rate constants for the reaction of. a10mic oxygen· with 
cis·2·bulene 

Rate. constant. No Tpmp. K Rf>f Commentll: 
cm3 mo]-l S-I 

2.3 X 1013 exp 300-523 19 Discharge flow-
(-IBO/T) air afterglow 
1.26 X ]013 300 
1.62 523 

9.2 X 1012 

I 
300 19 a Discharge flow-

9.6 423 air afterglow 
9.0 488 I 

J. Phys. Chem. Ref. Data, Vol. 2, No. 3/197~ 
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TABLE 41. Rate constants for the reaction of atomic oxygen with 
cis-2-butene- Continued 

Rate constant, No. Temp. K Ref. 
cm3 mol- I 5- 1 

2.55 X 1012 exp ~:Jb-!J03 2 
(-1900/T) 

1.2 X 1010 356 
2.7 413 
3.8 458 

6.3 503 

1.1 X 1013 300 127h 

1.1XlO13 298 14 b 

S.89±0.27 X 1012 268-443 130* 

exp (+ 165 ± 15fT) 
1.13 X 1013 1 268 
1.07 1 270 
1.03 1 273 
1.03 10 298 
9.09 X 1012 2 361 
8.82 2 402 
8.85 1 421 
8.61 2 443 

9.2 X 1012 298 199 

5_9 X 1012 exp 250-500 table 4 
(+165/T) 

. 1.0 X 1013 298 

a Relative rate measurements, see table 65. 
b Relutiv(, rate meu<)urcmento, :we tuble 58. 

0+ cis -2- Butene 
o Davis, et 01 [l30J 
o Elias [19,rel] 
• Elias [l9,obs] 

Comments 

Discharge How-

final products 

Hg photosens. 
decomp_ of 
N2 0 

Flash photoly-
sis-resonance 
fluorescence 

Pulsed photoly-
sis - air after-
glow 

Recommended 
value 

I 
2.0~ 

I 

+ Cvetanovic (\4,127] 
II Cvetanovic [199] 

'0 
E 

105 Lei 
~ IOXIOI3~ ~~ 

8.0 __ ,- ~ 

6.0 - .. --------- ~ 

4.°'1012 [ ~J 
o 1.0 2.0 3.0 4.0 

FIGURE 30. Arrhenius pbt fur the reaetion of atomic oxygen with 

cis w 2-butene. 
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TABLE 42. Rate constants for the reaction of atomic oxygen with 
trans-2-butene 

Rate constant, No. Temp.K Ref. 
em3 mo}-l 5-1 

2.55 X lO'~ eXIJ 363-523 2 

(-1900IT) 
1.4 X 1010 363 

2.2 398 
1.7 473 

6.9 523 

1.4 X 1013 299 127 a. * 

1.4 X 1013 298 14 a, * 

1.1xI013 308 92 b 

1.2 324 
1.7 343 
1.2 363 
1.1 375 

R Relativc HltC Illca::;un-;mcut'"" :;,"'''' taLl", GO. 

b Relative rate measurements, see table 63. 

Comments 

Discharge flow-
final product 

Hg photosens. 
decomp. of 
N20 

Hg photosens. 
decomp. of 

N20 

Hg photosens. 
decomp. of 
N20 

TABLE 43. Rate constants for the reaction of atomic oxygen with 
2-methylpropene 

Rate constant, No. Temp.K Ref. 
cm3 mol-I S-I 

2.0 X 1013 exp 300-523 19 
(-200fT) 

9.9 X 1012 300 
1.3 X 1013 523 

2.4 X 1012 exp 318-538 57 
(-1280/T) 

4.7 X 1010 318 
9.0 398 
2.0 X 1011 498 
2.3 538 

1.1 X 1013 298 14 a. * 

1.2 X 1013 299 II a, * 
7.7 X 1012 403 

1.5 X 101:1 298 26 b, '" 

9.1 X 1013 298 55 c, '" 

8.7 410 

9.8 X lOI~ 298 199 d 

" Relative ra,e measurements. see table 58. 
b Relative rate measurements, see table 65. 

" Relative rate measurements, see table 61. 

Comments 

Discharge flow-

air afterglow 

Discharge flow-

final products 

Hg photosens. 
decomp. of 
N2 0 

Hg photosens. 
decomp. of 
NzO 

Hg photosens. 
decolllP. of 
N20 

Flash photoly-
sis - kinetic 
spectroscopy 

Pulsed photoly-
si!i-- air after-
glow 

{; Supersede~ dUti.i given in references [128] and [150J. 
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FIGURE 31. Arrhenius plot for the reaction of atomic oxygen with 
2-rnethyJpropene. 

TABLE 44. Rate constants for the reaction of atomic oxygen with 
2,3-dimefhyl'2·butene 

Rate constant, No. Temp.K Ref. Comments 
cm3 mol- I 8- 1 

5.0 X 1013 298 14 ~ Hg photosens. 
decomp. of 
N20 

4.8 X 1013 300 11 Hg photosens. 
'2.7 31)3 decomp. of 

N20 

3.36 ± 0.64 X 10" I 298-355 130* Flash photoly-
exp (+ 790:!: 60fT) sis-resonance 

4.76 X 1013 4 298 fluorescence 
3.13 2 348 
3.05 I 352 
3.27 2 355 

4.3 X 1013 298 199 Pulsed photoly-
sis-air after-
glow 

3.4 X ]012 exp 298-400 table 4 Recommended 
(+ 790fT) value 

4.R x 1013 298 

a Relative rate measurements, see table 58. 
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FIGURE 32. Arrhenius plot for the reaction of atomic oxygen with 
2,3.dimethy}·2-butene. 

TABLE 45. Rate constants for the reactions of atomic oxygen with 
some misceJJaneous aJkenes and alkadienes 

Rate constant, No. Temp.K Ref. Comments 
cm~ mol- 1 S-1 

1,3-Budadiene 
1.2 X 1013 299 121 ~,* HI!. photosens. 
8.7 X 10 12 400 dec()mp. of 

N1 0 

l-Pentene 
2.85 X 1012 300 17* Flow photolysis 

of N02 

cis-2'PemCllt 
1.09 X 1013 300 17* Flow photolysis 

of N02 

1.1 X 10 13 298 ]4~' ,. Hg photosens. 
decomp. of 
N2 0 

2.Methyl.2-but,me I 3.8x IOl:! 299 11 a, * Hg photosens. 
2.2 393 decomp. of 

N20 

3.1 X IOI:l 298 199 Pulsed photoly-
sis·air after-
glow 

l·Hexene 
3.1 X 1012 299 127'" * Hg photosens. 

I I 
I decomp. of 

1 
]'\20 

a Relative rate measurements, see table 58. 
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TABLE 46. Rate constants for the reactions of atomic oxygen with 
cyclopentene and cyc10hexene 

Rate constant, No. Temp.K Ref. Comments 
cm3 mol- 1 S-1 

Cyclopentene 
1.4 X 1013 299 11 a, * Hg photos ens. 
9.8 X 1012 399 decomp. of 

N20 

Cyclohexene 
1.3 X 1013 298 11 a. * Hg photos ens. 
8.8 X 1012 400 decomp. of 

N20 

a Relative rate measurements, see table 58. 

3.5. Haloalkenes and Haloalkadienes 

The mechanisms of the reactions of atomic oxygen 
with the haloalkenes are probably similar to those of 
the alkene reactions, consisting of addition to the 
double bond followed by fragmentation or stabilization 
of the adduct. The fragmentation products of the halo
alkene reactions can differ considerably from the com
parable alkene reactions because of the differences in 
the carbon-hydrogen and carbon-halogen bond strengths. 

Although the kinetics of many of these reactions have 
been studied, no single reaction has been sufficiently 
well investigated by different techniques to permit a 
high degree of confidence in the reported rate con
stants. Only a few of the reactions have been studied 
over a significant temperature range, none by absolute 
techniques. Most disturbing, where there is overlap in 
the data, the agreement is not particularly good even 
when using apparently identical experimental tech
niques. The kinetics of these reactions need more care
ful study, and at present, the existing data should be 
viewed with some caution. 

One set of absolute rate measurements were made 
using the discharge flow-mass spectrometry technique. 
These data have been accepted. The other recom
mended rate constants are based primarily on relative 
rate measurements using the mercury photosensitized 
decomposition of nitrous oxide. 

TABLE 47. nate CQn~tant!\ for the reactioll:; of atomic o:ll:ygen with 

some haloalkenes 

Rate constant, 
No. Temp.K Ref. Comments ems mol- I S-I 

Fluoroethylene 
2.6 X lOll 13 307 77* Discharge flow-

mass spec-
trometry 

1.9 X 1011 296 1468 Hg photos ens. 
decomp. of 
N20 

J. Phys. Chern. Ref. Data, Vol. 2, Nc. 3, 1973 

TABLE 47. Rate constants for the reactions of atomic oxygen with 
some haloalkenes - Continued 

Rate constant, No. Temp. K Ref. Comments 
cm3 mol- l 5-1 

Chloroethylene 
5.2x }Oll 10 307 77* Discharge flow-

mass spec-
trometry 

Bromoethylene 
4.9 X 1011 9 307 77* Discharge flow-

mass spec-
trometry 

l,l-Uitluoroethylene 
2.2 X 1011 8 307 77* Discharge flow-

mass spec-
trometry 

1.1 X IOli 296 146a Hg photosens. 
decomp. of 
N20 

1,2-Difluoroethylene 
(cis and trans) 

2.7 X 1011 5 307 77* Discharge flow -
UICliOiO iOpt:t.:-

trometry 

cis-},2-Difluoro-
ethylene 

1.5 X 1011 296 146a Hg photosens. 
decomp. of 
N20 

trans-l,2-Difluoro-
ethylene 

2.6 X 1011 296 1468 Hg photosens. 
decomp. of 

N20 

Trifluoroethylene 
2.7xlOll 296 1468 Hg photosens. 

decomp. of 
N20 

Tetrafluoroethylene 
5.3 X 1011 9 297 13M Hg photosens. 
5.3 9 343 decomp. of 
5.7 3 398 N20 

5.0 X 1011 297 16b .* Hg photosens. 
decomp. of 
N20 

5.0 X 1011 296 32C Flash photoly-
sis - kinetic 
spectroscopy 

9.1 X 1011 296 1461\ Hg photosens. 
decomp. of 
N 20 
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TAIILE 47. Rate constants for the reactions of atomic oxygen with 
some haloalkenes- Continued 

Hate constant, No. Temp. K I Ref. Comments 
em:! mol-1 S-I 

I 

Tri lIuorochloro-
ethylene 

2.7 X lOll 296 '32 c Flash photoly-
7.9 419 sis - kinetic 

spectroscopy 

1.J-Dilluoro-2,2-
dichloroethylene 

3.5 X 1011 296 32C Flash photoly-
5.5 419 sis - kinetic 

spectroscop'Y 

J.-Fluoropropene 
I.OX 1012 296 79d.*, Hg photosens. 

83d .* decomp. of 
N20 

:i·Fluoropropene 
4.4 X 1011 296 7Q,d. * Hg photI'lQE"n .. 

83 d, * decomp. of 
N20 

1 J-Difluoropropene 
9.5 X lOll 296 79,d. * Hg photosens. 

83 d. * decomp. of 
N20 

:3,3,3-Trifiuoropropene 
2.3 X 1010 296 44,d. * Hg photosens. 

79,d. * decomp. of 
83 d. '" N20 

Hexafluoropropene 
L7xlOIO 5 297 13 b, * Hg photos ens. 
2.4 3 343 decomp. of 
3.8 3 399 N20 

1.7 X 1010 297 15 b. * Hg photos ens. 
decomp. of 
N20 

4-Fluoro-l-butene 
1.3 X 1012 296 79,d, * Hg photosens. 

83 d, * decomp. of 
N20 

] ,J ,2·Trifluoro-]-
butene 

2.1 X 10 12 296 79 d, * Hg photos ens. 
decomp. of 
N20 

1.9 X 1012 296 79,d. * Hg. photosens. 
83 d decomp. of 

N20 

2-TrifluoTomethyl-
propene 

1.7x10Jl 296 44,d. * Hg photosens. 
79,d. * decomp. of 
83 d. * N20 

2.6 X 1011 296 146 a : Hg photosens. 

decomp. of 
N20 

TABLE 47. Rate constants for the reactions of atomic oxygen with 
some haloalkenes- Continued 

Rate constant, No. Temp. K Ref. Comments 
cm3 moj-I S-I 

1,3-HexaHuorobuta-

If./) 

I 
'0 
E 

""E 

diene 
2.5X 1011 305 129 b. * 

i

l 
a Relative rate measurement, see table 60. 
b Relative rate measurement, see table 59. 
c Relative rate measurement, see table 65. 
<l. Relative rate measurement, see tahle 62. 

Hg. photosens. 
decomp. of 
N 2U 

1013~----~----~----~----~----~----~----~ 

10 12 

o + Tetrafluoroethylene and Hexofluoropropene 

o Saunders and Heicklen (/3,15] 

• Tyermon [32] 

+ Moss [l46J 

+ 

u~ 

lO" 

1010L-----~ ____ L-____ ~ ____ ~ ____ ~ ____ _L ____ ~ 

o l.0 2.0 3.0 

103/T, K- 1 

FIGURE 33. Arrhenius plot for the reaction of atomic oxygen with 
tetral1uoroethylene and hexaHuoropropene. 

3.6. Alkynes and Alkadiynes 

Thp re::wtion of atomic oxygen with acetylene has been 

extensively studied over a wide range of temperatures. 
The reported rate data are in good agreement. The 
recommended values are based entirely on absolute 
measurements obtained under discharge-flow conditions 
using mass spectrometry or electron spin resonance 
detection. Absolute rate constants have also been ob
tained from measurements of the chemiluminescence 
intensity of CH * produced in this reaction under flow 
conditions. These data are somewhat uncertain because 
of the difficulty in calibration of the chemiluminescent 
intensity, but are within 20 to 30 percent of the recom
mended value at all temperatures. More importantly 
they support the activation energy assignment. 

In addition to the absolute measurements there are 

relative rate measurements which also support the 
choice of the recommended values. 

For the other alkynes and alkadiynes there are few 
data. Propyne and butadiyne have been studied near 
300 K using discharge Row techniques, and these results 
are accepted. In the case of dicyanoacetylene only a 
limiting value is reported, and no recommended value 
is given. 

J. Phys. Chern. Ref. Data, Vol. 2, No.3, 1973 
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TABLE 48. Rate constants for the reaction of atomic oxygen with 
acetylene 

Rate constant, No. Telllp. K Ref. Comments cm3 mQI-l S-1 

1.2 X 1013 exp 243-673 33 a. b.* Discharge flow-
(-151O/T) mass spec' 

trometry, e.s.r 
3.0 X 1010 243 
4.8 264 
6.0 286 
1.1 X 1011 308 
2.0 356 
4.2 425 
9.3 555 
1.4 X 1012 673 

9.6 X 1010 295 37 Discharge flow-
e.s.r 

2.0X13 exp 230-450 80 a. * Discharge flow-
(-161O/T) e.s.r 
6.6 ± 0.2 X 109 6 195 
1.82 ±O.ll X 1010 6 228 

8.9 ±0.3 12 298 

2.48 ± 0.02 X 1011 4 369 

I 
5.9 ...!..0.2 7 150 

1.90±0.lOx 1012 4· 597 

2.00±0.07 2 616 

9.2 ± 0.4 X 1010 298 29 a. * Discharge flow-
e.s.r 

1.1 )< 1011 298 86* Discharge flow-
e.s.r 

5.3 ± 1.7 X 1010 298 36 Discharge flow-
mass spec· 
trometry, CH* 
chemilume· 
nescence 

1.43 ± 0.50 X 1013 exp 27 273-729 89b Discharge flow-
(-;:H~U ± 2OU/T) eH'" chemi· 

lumenescence 

9.0 ± 1.8 X 1010 298 30* Discharge flow-
mass spec· 
trometry 

1-2 X 1013 1000-1500 56 Flame structure 

1.7 X 1011 exp 393-563 31 Discharge flow-
(-1560/T) final products 

3.3 X 109 393 
5.5 453 

9.0 488 
1.0 X 1010 563 

1.1 X 1011 298 35*,51* Discharge flow-
mass spec-
trometry 

1.0 x 10" 297 13 c Hg photos ens. 
1.6 343 decomp. of 
3.3 398 N 20 

J. Phys. Chem. Ref. Data, Vol. 2, No.3, 1973 

TABLE 48. Rate constants for the reaction of atomic oxygen with 
acetylene - Continued 

Rate constant, 
No. Temp. K Ref. Comments cm3 mol-I S-I 

7.89 X 1010 300 126* Flash photoly-
sis - air after-
glow 

1.4 X 1013 exp 200-700 table 6 Recommended 
(-IS00/T) value 

3.3 X 1012 1000 
9.5 X 1010 298 

a Individual rate constants are reported overall constants divided by 
2.0. 

b Reported in graphical form only. 
e Relative rale measurements, see table 59. 
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FIGURE 34. Arrhenius plot for the reaction of atomic oxygen with 
acetylene. For clarity most of the room temperature data have been 
omitted (references [29], [30], [35], [36], [37], [51], [86], and [126]), 
as well as the data of reference [56]. 
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'fAIlLE 49. Rate constants for the reactions of atomic oxygen with 
propyne, butadiyne, and dicyanoacetylene 

----.; 

Hate constant, cm:! No. Temp. K Ref. Comments 
mol- 1 S-1 

I',,,pync 

4 ± Ix 1011 298 29* Discharge flow-
e.s.r 

Butadiyne 
9.0± 1.2 x 1011 300 34*,35* Discharge flow-

mass spec· 
trometry 

Dicyanoacetylene 
< 2.2 X 1010 300 94 Discharge flow-

air afterglow 

3.7. Benzene, Some Substituted Benzenes, and 
Pyridine 

The only reactant in this category which has been 
studied in any detail is benzene. Absolute rate measure
ments at different temperatures have been made under 
discharge flow conditions using mass spectrometry and 
electron spin resonance detection. In addition, absolute 
rate measurements have been made at 298 K using the 
pulse rudiolysis technique. There are also relative rate 

measurements made at two different temperatures. In 
both temperature dependence studies serious experi· 
mental problems were encountered. In the case of the 
photolysis experiments large amounts of polymers were 
formed which complicated the kinetic analysis. In the 
flow discharge work there was evidence for hetero
geneous reactions, including the formation of polymeric 
material on the reactor walls. 

The recommended values are based on the absolute 
measurements and in particular the discharge flow data. 

Of the latter data only the results obtained using mass 
spectrometric detection are free of the necessity of a 
stoichiometry or chain· length correction. This is not 
the case with the e.s.r. data. To arrive at an empirical 
stoichiometry factor both mass spectrometric and e.s.r. 
data were plotted in Arrhenius form, and the ratio of 
slopes, about 4.0, taken as the stoichiometry factor. 

The recommended value is tentative in nature and 
experimental confirmation is desirable. 

In the case of the to]uene -reaction thpTP1" 1m ah"oIutp. 

rate measurement at 298 K and relative rate measure
ments at 393 and 493 K. The data are not extensive 
enough to lead to recommended rate constants other 
than at 298 K. 

For the other reactants in this category there is only 
one source of data, the absolute measurements at 298 
K using the pulse radiolysis technique. These are 
accepted. 

There is an extensive set of rate measurements on a 
large group of substituted benzenes which gives the 

relative rates of formation of the volatile phenolic prod· 

ucts [90]. It is not clear, however~ how these partial 
rate factors may be related to overall relative rates, so 
that these data are not used. (See table 64.) 

TABLE 50. Rate constants for the reactions of atomic oxygen with 
benzene, some substituted benzenes, and pyridine 

Rate constants, No. Temp. K Ref. Comments 
cm3 mol- 2 S-1 

Benzene 
1.7 X 1013 338-493 47 Discharge flow-

exp (-2370/T) final products 
1.6 X 1010 338 
4.2 373 
8.1 453 
1.6 X 1011 493 

3.6 X 1010 298 67* Pulse radiolysis. 

6.6 X 1010 393 458 Hg photosens. 
].5 X 1011 494 decomp.01 

N20 

3.8 ± 1.5 X 1013 255-305 ]87* Discharge flow-
exp (-2210 mass spec-
± 250fT) trometry 

7.43 X 109 6 255 
8.24 9 262 
1.12 X 1010 3 272 
2.72 11 302 
2.99 2 305 

6.S X 1010 5 344 187 o. * Discharge How-
7.4 5 364 e.s.r. 
1.9 X 1011 4 407 
2.4 5 459 
3.2 3 482 

2.0 X 1013 exp 250-500 table 7 Recommended. 
(-2000/T) value 

Z.4 X lUlU ~ij 

Fluorobenzene 
2.7 X 1010 298 67* Pulse radiolysis 

Chlorobenzene 
3.1 X lOll 298 67* Pulse radiolysis 

Toluene 
1.4 X 1011 298 67* Pulse radiolysis 

1.7 X 1011 

I 
393 52 a. * Hg photosens. 

3.2 493 lh::t;IJUIp. uf 

N 20 

Ethylbenzcne 
3.2 x 1011 298 67* Pulse radi()ly~i!l 

1.2-Dimethylbenzene 
6.7 X ]011 298 67* Pulse radiolysis 

1,3· Dimethylbenzene 
7.7 X 1011 298 67* Pulse radiolysis 

1,4-Dimcthylbcn zcnc 

4.5 X ]011 298 67* Pulse radiolysis 
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TABLE 50. Rate constants for the reactions of atomic oxygen with 
benzene, some substituted benzenes, and pyridine-Continued 

, 
Rate constant, I No. Temp.K Ref. Comments 
cm3 mol- 1 S-l l 

Pyridine 
! 1.0 X lOll 
I 

298 67* Pulse radiolysis 

a Relative rate measurements, see table 58. 
hIl1dividUdl Idlc t.;VII:olZlUl:o cllC lhc ICP\JIlCU VVCldll Idlc t.;VII:oldlll:o 

divided by 4.0. 
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FIGURE 35. Arrhenius plot for the reaction of atomic oxygen with 
benzene. 

3.S. Alcohols, Aldehydes, and Miscellaneous Oxygen 
Containing Compounds 

Although there is a considerable body of rate data 
available on oxygen containing reactants, much of it is 
unreliable (all data based on final product analysis are 
n~j~ct~n) ann only in th~ cas;~s; of acetaldehyd~ and 
dimethyl ether are rate constants recommended at 
other than room temperature. 

The methanol reaction has been studied under dis
charge flow conditions using electron spin resonance 
detection. However, it was established in that work that 
heterogeneous processes were important. In addition the 
derived Arrhenius pre-exponential factors per C- H bond 

(0.6 X 1012 cm 3 mol- 1 S-1) appear to be abnormally low 
when compared to those observed for the alkanes (5 to 
20 X 1012 cm 3 mol- 1 S-1). For these reasons these data 
are rejected and no recommended values are given. 

J. Phys. Chern. Ref. Data, Vol. 2, No.3, 1973 

Acetaldehyde has also been studied under discharge 
flow conditions using the air afterglow technique. In 
addition there are relative rate measurements near room 
temperature. The recommended values are based on 
both the absolute and relative measurements. The data, 
however, scatter considerably and a more definitive 
measurement over a wider temperature range would be 
desirable. The recommended rate constant refers to 
alw,tnH':tion of thp. alop.hyoic H atom. At higher tempera
tures abstraction of a-H atoms will also occur and the 
Arrhenius plot will curve upward. 

In the case of dimethyl ether there are extensive sets 
of both absolute and relative rate data. The absolute 
measurements involved discharge flow systems using 
both mass spectrometry and electron spin resonance: 
detection. The electron spin resonance data require 

---correction for stoichiometry or chain length. In the 
original work a value of 2.0 was used. We have chosen 
to fit these data by picking a stoichiometry factor which 
brings the mass spectrometric and electron spin reso
nance data into agreement over their common tempera
ture range. This factor, 2.6, was then used to correct 
the electron spin resonance data over the whole of the 
measurements. In addition, there is a series of relative 
rate measurements which in general lead to lower rate 
constants. The absolute measurements are the sole 
basis for the recommended values. We note, howeverl 
that the recommended value leads to an Arrhenius pre
exponential factor of 1.0 X 1012 cm 3 mol-1 S-1 which as 
in the case of the reported methanol data appears to be 
low when compared to the data for the alkanes. 

For the other compounds considered here both 
absolute and relative rate data were used to arrive at 
recommended values at room temperature only. 

TABLE 51. Rate constants for the reaction of atomic-o"ygcn with 

m~thanol 

Rate constant, No. Temp. K Ref. Comments 
cm3 mol- 1 S-I 

5.1 X lOll exp 347-506 43 Discharge flow-
(-1560/T) final products 

5.4 X 109 347 
6.0 353 
7.1 363 
6.3 363 
4.2 262 

1.05 X 1010 389 
8.4 X lOy 393 
1.11 X lO JO 395 
7.2 X 109 399 
1.60 X 1010 423 
1.75 483 
2.74 506 

1.70 ± 0.66 X 1012 273-438 14P Discharge flow-

exp (- 1150 ± 100/l e.s.r. 
1.14 ± 0.09 X 10 10 3 273 
1.55 ± 0.18 5 298 
2.38 ±O.O6 4 3;)2 
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l".·\BLE 51. Rate constants for the reaction of atomic-oxygen with 
methanol- Continued 

Rate constant, No. Temp.K Ref. Comments 
em3 mol-I S-I 

.21 ± 0.06 3 363 

.% 0.66 4 391 

.65 ± 0.15 5 426 

.60 ± 0.13 5 438 

"Individual rate constants are the reported overall rate constants 

divided by 2.0. 
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"'I<;URE 36. Arrhenius plot for the reaction of atomic oxygen with 

methanol. 

TABLE 52. Rate constants for the reactions of atomic oxygen with 

ethanol and isopropanol 

Rate constant, No. Temp. K Ref. Comments 
cm:! mol- 1 S-I 

:thanol 
6.3 X 10 12 exp 343-523 40 Discharge flow-

(- 20l01T) final products 
1.96 X 1010 343 
4.27 403 
1).39 463 
1.38 X 1011 523 

(1.6 :± 0.7) X 1013 903-963 65 Ignition limits 
exp (-2770 
±5001T) 

B.7 X 1010 298 59"'* Hg photosens. 

decomp of 

N 20 

s, 'I ,ropanol 
U X lOll 298 393 .* Hg photosens. 

decomp of 

N 20 

.. Helative rate measurements, see table 58. 

TABLE 5.3. Rate constants for the reaction of atomic oxygen with 

some aldehydes 

Rate constant, No. Temp. K Ref. 
em a moj-I S-I . 

Forillaidehyde 

9.0 X 10 1<1 300 78* 

6 X 10 1:1 1 75(}-2575 105 

Monodeuteroformal-
dehyde 

4.9 X 10 10 300 35*.51 * 

DiAuoToformuldchyde 

.;;; 2 X 101~ 307 77 

Dichloroformaldehyde 

6 X 109 273 42* 

.;;; 2 X 10 10 307 77 

AC'f'talilf'hyilf' 

0.1 0.3) X 1013 299-476 50* 
exp (- 1160IT) 

2.7 X 1011 299 
6.4 299 

5.4 369 
7.4 412 
1.2 X 10 12 476 

3.6 X lOll exp 343-'-428 41 
( -1380 ±250rr) 
6.6 X 109 1 343 
7.4 1 353 
1.11 X 1010 2 373 
1.14 1 393 
1.42 I 428 

3.4 x lOll 298 46"'* 

2.0xlOll 293 66 b 

1.4 X lOla exp 298-500 table 8 
(- Jl40{T) 
::U X 1011 298 

Propionaldehyde 

1.05 X lOll exp 398-523 40 
( -1430rr) 
2.69 398 

3.7 423 
4.6 463 
6.6 523 

.-
a Relative ratc measurcments, sce table 59, 

b Relative rate measurements, see table 65 . 

Comments 

Discharge flow-

mass spec-

trometry 

Shock tube 

Discharge flow-

mass spec-
trometry 

Discharge flow-

mass spec-

trometry 

Discharge flow-
air afterglow 

Discharge flow-
mass spec-
trometry 

Discharge flow-

air afterglow 

Discharge flow-

final products 

Hg photosens. 

decomp. of 

N 20 

Hg photosens. 

decomp. of 

N 20 

Recommended 
value 

Discharge flow-
final products 

J. PhY5, Chem. Ref. Data, Vol. 2, No. 3, 1973 



504 J. T. HERRON AND R. E. HUIE 

0+ Acetaldehyde 
o Cadle and Powers [50J 
c:. Cvetanovic [46] 
• Christie and Collins [66] 

10'3 .:.................... + Avramenko et al [41] -
' ... 

.......................... 
.......... 

......... , ..... , 
............. 

............... 

Id2~ 

~ ... 
!J) 

"0 0 
E 

r<') • E !d'~ -u 

-

109~----~----~1----~----~1----~----~----~ 
1.0 2.0 3.0 

10 3fT, K- 1 

FIGURE 37. Arrhenius plot for the reaction of atomic oxygen with 
acetaldehyde. 

TABLE 54. Rate constants for the reactions of atomic oxygen with 
ketene and ethylene oxide 

Rate constant, No. Temp.K Ref. Comments 
cm 3 mol- 1 8 

Ketene 
5.3 X 1011 298 82* Discharge flow-

mass spec-
uomeuy 

Ethylene Oxide 
7.3 X }OR 13 307 58"'* Hg photosens. 
0.7 7 343 decomp. of 
1.3 X }O~ 8 398 N 20 

I 

a Relative rate measurements, see table 59. 

TABLE 55. Rate constants for the reaction of atomic oxygen with 
dimethyl ether 

Rate constant, 
No. Temp.K Ref. Comments cm 3 mol- 1 8- 1 

2.1 X 10](1 7 307 58 a Hg photosens. 
2.7 5 343 decomp. of 
5.0 5 398 ;'hO 

1.6 X 10 10 4 303 49 b Hg photosens. 
3.7 1 .335 decomp. of 
7.5 1 366 N 20 
1.3 X lOll 1 394, 

I 2.1 1 426 
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TABLE 55. Rate constants for the reaction of atomic oxygen with 
dimethyl ether- Continued 

Rate constant, No. Temp. K Ref. 
I 

Comments 
cm 3 mol- 1 S-1 

1.8 X 1010 3 311 92" Hg photosens. 
1.5 3 323 decomp. of 
2.0 3 338 N 20 
2.5 3 353 
2.8 3 363 
3.7 3 373 

5 ± 1 X 1012 exp 217-366 141 d, * Discharge flow-
(-1430 ± 100fT) e.s.r. 

6.19 ± 0.73 X 109 4 217 
1.17 ± 0.06 X 10 10 3 245 
2.27 ± 0.20 5 273 
3.09 ± 0.52 4 298 
3.45 ± 0.34 4 298 
6.31 ± 0.96 4 336 
8.62 ± 1.19 4 366 

1.59 ± 0.10 X 10 10 4 254 141 * Discharge flow-
1.57 ± 0.25 5 261 
2.57 ± 0.25 4 273 
2.27 ± 0.40 5 283 
3.74 ± 0.30 6 300 

a Relative rate measurements, see table 59. 
b Relative rate measurements, see table 57. 
(" Relative rate measurements, see table 63. 

mass spec-
trometry 

d Individual rate constants are the reported overall rate constants 
divided by 2.6. 

I 
<II 

I 

(5 
f= 

1'0 
E 
0~ 

..::.::: 

1013 0 + Dimethylether 

1012 

lOll 

1010 

o 

• Takezaki et 01 [49J 
.. '\ 0 Marsh and Helcklen [58J 

\ + Neumann and Jonathan [92J 
'\ \ 0 LeFevre ef 01 (e.s.r.) [141] 

\,\. LeFevre et 01 (mass spec.) [l41J 

\. 

1.0 

'\ 
'\ 

'\ 

", 

2.0 

• 

3.0 

103/T , K- 1 

4.0 5.0 6.0 

FIGURE 38. Arrhenius plot for the reaction of atomic oxygen with 
dimethylether. 
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4. Relative Rate Constants 

TABLE 56. Relative rate measurements of Wilson and O'Donovan 

Heactant Reactant T,K kAlkB No. 1O-1ll k.:' Ref. A B cm3 mol- 1 S-I 

CHaC! CH4 353 -3.4 -0.022 53 
468 2.83±0.07 0.48 
638 2.16±0.04 4.3 
949 l.76±0.05 34 

CH3Br CH4 613 13±2 20 
966 5±1 100 

CJ<"3H CH4 ::;;1000 <0.01 < 0.2 

a Allderived rate constants, kA' are based on absolute rate constants 
for methane (table 1) and the rate ratio~ in thi~ tl1ble. 

TABLE 57. Relative rate measurements of Takezaki, Mori. and 
Kawasaki 

Reactant Reactant T. K kAlkB No. lO-llkA 7. Ref. A 13 cm~ mol-' S-I 

CH3OCH3 n,C4HIII 303 0.90 4 0.29 49 
335 0.96 1 0.37 
366 l.O5 I 0.75 
394 1.06 1 l.3 
426 1.14 I 2.1 

a All derived rate constants, kA • are based on absolute rate constants 
for n·butane (table 1) and the rate ratios in this table. 

TABLE 58. Relative rate measurements ofCvetanovic [11,14,46,98,127], Jones and Cvetanovic [52], Kato and Cvetanovic [39, 59], Cvetanovic 
and Doyle [IZ1], and Boocock and Cvetanovlc [45] 

Reactant A Reactant B T,K kAlkB No. 
10- 11 k! 

Ref. cm3 mo}-l S-1 

n,C4HIO C2H4 298 0.045 ±0.014 0.22 98 

1·C4Hs C2H4 298 6.3 30 14 

cis·2,C4Hs C2H4 298 22 llO 14 

cy,C6HIO C2H4 298 26.78 ±0.38 4 130 II 
400 1l.16 ±0.28 4 88 

CH3CHO C2H4 298 0.7 ±0.1 3.4 46 

cy·CsHs cy,C6HIO 299 l.103 ±0.056 5 142 II 
399 1.109 ±0.084 4 98 

I·C4 Hs cy·CsHs 298 0.194 28 14 
299 0.191 ±0.006 6 27 II 
399 0.268 ±0.01O 6 26 

iSO,C4Hs cy·CsHs 298 0.794 1I0 14 
299 0.838 ±0.020 6 120 11 
403 0.792 ±0.01I 5 77 

C(CHa)2CHCH3 cy-CsHs 299 2.66 ±0.07 4 380 11 
393 2.19 ±0.09 5 220 

C(CHshC(CHah cy·CsHs 298 3.48 500 14 
300 3.41 ±0.02 3 480 11 
393 2.69 ±0.14 4 270 

C6H6 cy·CsHs 393 (6.55±0.66) X 10-3 0.66 45 
494 (l8.4± 1.6) x 10-3 1.5 

C6HsCH3 cy·CsHs 393 (17.45 ± 1.2) X 10-3 4 1.7 52 
495 (40.2 ± 1.1) X 10-3 3 3.2 

1,3,C4H6 cy·CsHs 299 0.810 ±0.018 120 121 
400 0.884 ±O.Oll 87 

cis·2,C4Hs cy·CsHs 300 0.801 ±0.014 4 llO 127 

trans·2·C 4Hs cy·CsHs 299 I 0.951 ±0.042 I 5 140 127 
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TABLE 58. Relative raie measurements of Cvetanovic [I 1. 14,46,98, 127], Jones and Cvetanovic [52], Kato and Cvetanovic [39,59], Cvetanovic 
and Doyle [121], and Boocock and Cvetanovic [45J- Continued 

Reactant A Reactant B I T,K kAfkB No. 
lO-ll k~ 

Ref. 
cm 3 mol-I 5- 1 

1·CsHl2 Cy-CSHH 299 0.218 ±0.004 5 31 127 

C3H6 1,C4Hs 298 0.943 26 14 

cis·2-C 4 Hs 1,C4Hs 298 3.57 100 14 

iSO-C4H s ]·C4Hs 298 4.22 120 14 

cis-2·CsH1o }·C4 Hs 298 3.80 110 14 

C2 HsOH I,C4Hs 298 0.031 ±0.004 0.87 59 

2,C3H70H I·C 4HH 298 0.0464 

I 

1.3 39 

trans-2·C 4 Hs iso·C 4 Hs 298 1.13 130 14 

a All derived rate constants, k A, are based on absolute rate constants for ethylene (table 4) and the rate ratios in this table. 

TABLE 59. Relative rate measurements of Saunders and Heicklen [13, IS, 16], Stuckey and Heicklen [12], Marsh and Heicklen [S8J, 
and Stockburger and Heicklen [129] 

Reactant A Reactant BIT, K I kAfkB No·1 
10-11 kA a 

Ref. 
cm3 mo]-l S-l 

C2F4 C2H4 297 1.031 
I. 

5.0 16 
I 

C2F4 C2H4 297 1.10 ±0.18 9 5.3 13 
343 0.855 ±0.038 3 5.3 
398 0.735 ±0.065 3 5.7 

C3F6 C2H4 297 0.0357 ± 0.0060 5 0.17 13 
343 0.0385 ± 0.0041 3 0.24 
398 0.0488 ± 0.0036 3 0.38 

CaF6 C2H4 297 0.0345 0.17 15 

1,5,C4F6 C2H4 305 0.50 

I 

2.5 129 

C2H2 C2F4 297 0.193 ±O.O20 3 
I 

1.0 13 
343 0.296 ±0.03 4 1.6 
398 0.566 ±O.OI4 3 3.3 

C3H6 C2F4 297 4.27 ±0.66 5 23 13 
343 3.47 ±0.28 9 19 
398 4.26 ±0.41 3 24 

1,C4Hs C2F4 297 4.3 23 16 

1,C4Hs C2F4 297 3.41 ±0.30 4 18 13 
343 4.06 ±0.34 4 22 
398 4.42 ±0.51 3 25 

CzHs CsFs 297 0.122 ±0.006 2 0.021 13 
343 0.22 ±0.04 4 0.053 
398 0.30 ±O.ll 4 0.11 

C3Hs C3F6 297 0.47 ±0.03 

\ 

3 0.081 13 

343 0.67 ±0.O9 6 0.16 
398 0.96 ±0.09 I 3 0.37 
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TABLE 59. Relative rate measurements of Saunders and Heicklen [13, 15, 16], Stuckey and Heicklen [12], Marsh and Heicklen [58], 
and Stockburger and Heicklen [129]- Continued 

Reactant A Reactant B T.K k,,(kl~ No. 
1O-1l k~ 

Ref. 
em:! mol- 1 6- 1 

n,C4HIO C3F(I 307 0.69 ±O.Ol 5 0.13 58 
343 1.06 ±O.O5 4 0.26 
398 1.31 ±O.O8 5 a.50 

n,C7H16 CaFs 307 3.6 :to.3 5 0.66 58 
343 4.7 :to.5 6 1.1 
398 5.4 :to.4 5 2.1 

CaHI8 CaFs 307 2.2 :to.l 6 0.40 58 
(2,2,4·Tri. 343 2.4 :to.2 5 0.513 
methylpentane) 398 2.9 ±O.7 6 1.1 

cy·CaHs CaF6 297 0.030 ±O.013 3 0.0052 13 
343 0.050 ± 0.013 2 0,012 
398 0.066 :t 0.008 2 0.025 

cy,C3HIi C3F6 298 0.027 :to.OO4 7 0.0047 12 
343 0.037 ±0.009 8 0.0089 
398 0,052 ±O.OO7 7 0.020 

ey,C4HII CaFs 298 0.41 :to.04 6 0.072 12 
343 0.70 :to.08 5 0.17 
398 0.80 ±0.16 7 0.31 

Cy-CSHIO C3Fs 298 3.0 ±0.6 6 0.52 12 
343 3.4 ±0.6 8 0.82 
398 3.4 ±0.4 5 1.30 

Cy·CSH12 C3Fs 298 3.1 ±0.6 6 0.54 12 
343 4.3 ±1.0 7 1.0 
398 4.2 ±1.1 6 1.6 

C2H40 CaF6 307 0.040 :to.OO4 13 0.0073 58 
(Ethylene 343 0.036 :to.OO3 7 0.0087 
oxide) 398 0.034 :to.005 8 0.013 

C2H60 CaFs 307 1.17 ±0.09 7 0.21 58 
(Dimethyl 343 1.12 ±0.05 5 0.27 
ether) 398 1.30 :to.IS 5 0.50 

C3 H8 1,3-C4F", 305 0.039 0.099 129 

n,C4H1O 1,3,C4Fs 305 0.093 0.24 ]29 

a All derived rate constants, kA, aTe based on absolute rate constants for ethylene (table 4) and till' 

rate ratios in this table. 

TABLE 60. Relative rate measurements of Moss 

I" 

Reactant A Reactant B T,K kAlkll No. i ]()-II irA " Ref. 

ern:l mol- 1 5- 1 

C2H3F C2H4 296 0.38 1.8 146 

1,1-C2H2F2 0.22 1.1 

cis·l ,2·C2H2F ~ 0.32 1.5 

trans-l,2,C2H2F 2. 0.54 ! 2.6 

507 
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TABLE 60. Relative rate measurements of Moss- Continued 

I 

Reactant A Reactant B T,K kAlkB 
lO-1! k~ 

No. cm 3 mol- I 8- 1 
Ref. 

CzHF:J 0.57 2.7 
1 

C2F4 1.60 9.1 I 

CH3q CF 3)CH2 
1 

0.55 2.6 I 
a All derived rate constants, kAo are based on absolute rate constants for ethylene 

(table 4) and the rate ratios in this table. 

TABLE 61. Relatives rate measurements of Smith 

Reactant A Reactant T, KI, kAlkE No. 10- 12 kA a Ref. 

B I cm3 mol-I 8-1 

1·C4Hs CS2 298 0.78±O.O8 4 55 
410 O.83±0.O8 4 

iSO·C4HH CS2 298 3.1 ±0.3 4 

410 2.5 ±0.3 4 

iSO·C4Hs 1·C 4H8 298 4.0 9.1 
410 3.0 8.7 

a All derived rate constants, kA , are based on absolute rate con· 
stants for I·butene (table 4) and the rate ratios in this table. 

TABLE 62. Relative rate measurements of Moss and Jennings 

IT, K) 
I 10- lz kA " 

Reactant A Reactanl B kAlkB No. I crn3 mol- I S-1 

CH:lCFCHz 1·C4 HH 296 0.46 1.0 

CH2FCHzCHCH2 1·C4H8 296 0.575 1.3 

ClhC(CF3)CH2 1·C4H8 296 0.077 0.17 

I I 

C3H6 I·C4HH 296 0.93 

I 

2.1 

CH2FCHCH2 C3H6 .296 0.21 0.44 

ClliCHCFz ! C3H6 296 0.45 

I 
0.95 

Cl-bCH2CFCF2 CaHs 296 1.00 2.1 

CF3CHCH2 CHaC(CF:l)CH2 I 296 0.131 0.023 

i Cl-t,CH2CFCF2 CH:IC(CF3)CHz 296 11.0 1.9 

Ref. 

79,83 

79,83 

79,83 
44 

79,44 

79,83 

79,83 

79 

79,83, 
44 

79,83 

a All derived rate constants, kA' are based on absolute rate constants for l·butene (table 4) 

and the rate ratios in this table. 
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TABLE 63. Relative rate measurements of Neumann and Jonathan 

Reactant A Reactant B T,K k"jka No. 
10-1il kA a 

em:! mol-1 S-I 
Ref. 

CHaOCH:! cis·2,C4Hs 3Il 1.85 X }O-~ 3 1.8 92 

323 1.61 X ]o-a 3 1.5 

338 2.08X ]0-:1 3 2.0 
353 ?70x JO-!l .~ 7.S 

363 3.13X 10-;1 3 2.8 

373 4.17 X 10-3 3 3.7 

trans·2,C4Hs ClbOCfu 308 1010 3 110 

324 790 3 120 

343 820 3 170 

363 450 3 120 

375 340 3 110 

a All derived rate constants, k"" are based on absolute rate constants for the cis·2·butene 
reaction (table 4) and the rate ratios in this table. 

TABLE 64. Relative rate measurements of Grovenstein and Mosher 

Reactant A Reactant B T,K kB/kB a No. kA Ref. 
em:! mol- l S-1 

C;HsCHs C 6H6 303 4.37 90 

C6H5C 2H& 4.95 

0,C6H4- 10.0 

(CHa)2 

m,C6H4- 23.0 

(CHah 

p,C6H4- 9.77 
(CHah 

C6H 5C- 3.60 

(CH3)3 

1,2,3,C6H3- 25.0 

(CHah 

1,3,5,C6H3- 80.0 
(CH3h 

C6H50CH3 ~ 13.2 I 
CsHsF 0.67 

C6HsCFa 0.29 

a Ratio of total rates of production of phenols with respect to the 
rate of production of phenol from benzene. It is not certain that this is 
equivalent to the ratio of total rate constants, so that derived values 
of kA are not given. 

TADLE 65. Relative rate measurements of Tyerman [32], Ford and 

Endow (17), Scala and Wu (88], Elias [19], Christie and Collins (66}, 

Sato and Cvetanov;c [26], and Paraskevopoulos and Cvetanovic 
(164]. 

Reactant A Reactant T, K kAikB No. 10- 11 kA a Ref. 
B 'nP mo)-l 5-1 

C2F4 C2H4 296 1.05 ±0.05 5.0 32 

C8HJS C2H4 298 0.54 2.6 17 
(3~Methyl· 

heptane) 

298 11.12 CY'C:IH6 C2H4 X ]0- 4 5.4 X JO-r. 8B 

1-C4H8 C2H4 300 5.4 4 26 19 
423 3.7 4 31 

cis-2-C 4Hs 1,C4H8 300 4.0 2 92 19 
423 3.2 3 96 
488 2.7 2 90 

CF2CFCI C2F4 296 0.51 .:to.()4 2.7 32 
419 1.:~h .:to.lO 7.9 

CF2CCb C2F4 296 0.67 :to.fH) 3.5 32 
419 0.% ±O.lO 5.5 

CH3CHO N02 29:~ {).O:;f>:± 0.06 2.0 66 

1·C4I1K NO, 29S 0.1-8 28 26 

iSO,C4Jh N02 298 2.6 150 26 

(CHa)3CH l-C4H~ 298 0.0]4 0.35 164 

a All derived rate constants, kA' are based on absolute rate constants 
for ethylene (table 4), I·butene <table 4), tetrafluoroethylene (table 5) 
and N02 (ref. [168]), and the rate ratios in this table. 
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5. formula index 

Page Palle 

CH-I CjH)(; 
Methane ............ '" ... . .. ... ... .................. 470, 476 n-Heptane.. .. ... .. ... .. ... .. . .. .. .. .. .. .. .. . ... 471. 478. 507 

C2H2 2.2-Dimethylpentane .............................. 471, 482 
Acetylene ...................................... 474,500, 506 2,4-Dimethylpentane .............................. 47L 482 

C~H-I CXH 10 

Ethylene .............. 473,493.505,506.507,508.509 Ethylbenzene .................................. 474. 501. 509 
C2Hl ; 1,2-Dimethylhenzene ........................ 474.501.509 

Ethane .......................................... 470. 476. 506 1,3-Dimethylbenzene ........................ 474.501. 509 
C3 H.J l.4-Dimethylbenzene ........................ 474. 501. 509 

Propyne ......................................... 474. SOL 506 C~H1H 
C:~H(; n-Octane ............................................. 471. 478 

Cyclopropane ........................... 471. 483. 507. 509 3-Methylheptane .................................... 482 . .509 
Propene ................................. 473. 494 . .106 . .108 2.2,4-Trimethylpentane ..................... 471. 482. 507 

C:lHx 2,3,4-Trimethylpentane ........................... 471. 482 

Propane ................................. 470.482.506. 507 2,2,3,3-Tetramethylbutane ........................ 471, 482 
C-lH~ CJI12 

Butadiyne ............................................. ·174. 501 1.2,3-Trimethylbenzene............. 509 

C-IHn 1,3,5-Trimethylbenzene ........................... , .. . 509 

1,3-Butadiene ................................. 473. 497. 505 CloH14 
C-tH x tert-Butylbenzene......... ............................. 509 

Cyclobutane ................................... 471, 483. 507 C4N2 

I-Butene .................... 473,495, 50S, .506,508.509 Dicyanoacetylene ... ... . .. .......... . ........ ....... ... 509 

cis-2-Butene ...................... 473,495, 50S, 506. 509 C..,lhN 

truns-2-Butene ................... 473,496 . .505. 506. 509 Pyridine... ... ... ................. ........................ 50] 

2-Methylpropene ......... 473, 496, 505. 506, 508. 509 CH20 

C1H 10 Formaldehyde ....................................... 474.502 

n-Butane ................................. 470,477.50.), .507 CHDO 

2-Methylpfopane .................................... 482, 509 Monodeuteroformaldehyde ....................... 475. 503 

C5H8 CH.JO 

Cyc1opentene ........................... 473.498,505.506 l\1ethanol...... ........................................... 502 

C"H 10 C~H20 

Cyclopentane .................................. 471.483. 507 Ket.ene ........ , ....................................... 475.504 

Spiropentane ........................................ 471, 483 C2H.jO 

1-Pentene ............................................. 473. 497 Acetaldehyde ........................... 475.503.505,509 

cis-2-Pentene .................................. 473.497. 506 Ethylene oxide ................................ 47.). 504 .. S07 

2-Methyl-2-butene ............................ 473.497.505 C2H(;O 
C·,H 12 Ethanol. ........................................ 475. 503. 506 

n-Pentane ............................................. 471. 478 Dimethyl ether. .................. 475, 504 . .s05, 507, 509 
2-Methylbutane ..................................... 471. 482 C3Hfi O 
2,2-Dimethylpropane .............................. 471, 478 Propionaldehyde............... ....... ........ ......... 503 

CHHH C~HHO 
Benzene ................................. 474.501,505,509 Isopropanol.. ................................. 475. 503,.506 

CHH 10 

Cyclohexene ................................... 473. 498, 50S 
C;H I2 

Cyclohexane ................................... 471, 484. S07 
I-Hexene ....................................... 473, 497. 506 
2,3-Dimethyl-2-butene ....................... 473, 497, 50S 

C;H1.J 

CiHxO 
Methoxybenzene... ...... .............................. S09 

CH:~F 

Fluoromethane.......................................... 492 

CH 2 F:z 
Difluoromethane...... ................................. 492 

n-Hexane ............................................. 471, 478 CHF:l 

2,3-Dimethylbutane ................................ 471. 478 Trifluuromethane ................................... 492.505 

CjH x C2H3F 
Toluene ................................. 474. SOl, 505. 509 Fluoroethylene ................................ 473 5 498, 507 

CiH1.J C:zH2F:2 
Cycloheptane ...... '" ...... '" ... .... ......... ..... 472. 484 LI-Difluoroethylene ......................... 473.498.507 
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Page Page 

] ,2-Difluoroethylene ................................ 473, 4·98 CzHaC] 
cis·1 ,2-Difluoroethy lene ............................. 498, 507 ChJoroethyJene ...................................... 473, .498 
trans-I,2-Difluoroethylene .......................... 498, 507 CZH5C] 

C}JJ<3 Chloroethane ......................................... 472,487 
TIjfluuw~lhyl~J1~ ..................................... 498, 508 CilI4Ch 

C2F4 1,2-Dichloroethane....... ... ......... ... ............... 492 

Tetrafluoroethylene .............. 473, 498, 506, 508, 509 C3H7CI 

i::J-IsF 2-Chloropropane ..................................... 472, 488 

2·Fluoropropene ............................... 474, 499, 508 CJI!lCl 
3-Fluoropropene ............................... 474,499, 508 2-Chlorobutane ....................................... 472, 489 

GJi4F2 1-Chloro-2-methylpropane ......................... 472, 489 
1,I-Difluoropropene ........................... 474,499, 508 2-Chloro-2-methylpropane ........................ .472, 490 

CaHaFa CJIIICI 
3,3,3-Trifluoropropene ....................... 474, 499, 508 l-Chloro-2,2-dimethylpropane ..................... 472, 491 

C;!Fo CJIr>Cl 

Hexafluoropropene ..................... 474, 499, 506, 507 Chlorobenzene ........................................ 474, 501 
C4H7F C7H15Cl 

4-Fluoro-I-hutene ............................. 474. 499. 508 1-Chloroheptane ...................................... 472. 492 
C4H5Fa CCbO 

2-Trifluoromethylpropene ................... 474, 499, 508 Dichloroformaldehyde .............................. 475, 503 
1,1,2-Trifluoro-I-butene ...................... 474, 499, 508 CzF3Cl 

C4Fs Trifl uorochloroeth ylene ............................. 499, 509 
1,3-Hexafluorobutadiene ............. .474, 499, 506, 507 CzF2Cl2 

C;H5F 1 ,1-Difluoro-2,2-dichloroethylene ................. 499, 509 
Fll1orobpnzene _ . __ 474, 501, 509 C:H3Rr 

C7HsFa Bromomethane ................................ 472, 486, 505 
Trifluoromethylbenzene... ........................... 509 CzHaBr 

CF20 Bromoethylene ........................................ 473, 498 
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